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Summary.
As the title suggests this thesis is concerned with 
the synthesis of tritiated compounds and their subsequent 
use in addressing various problems in physical-organic 
chemistry.
Hence in chapter one the stereoselectivity shown by 
the base-catalysed ionisation of the Cl 0 axial and equatorial 
hydrogens of a tetracyclic drug,Mianserin,for a wide range 
of highly basic DMSO-H2O-OH solutions,was investigated by 
using tritium as a hydrogen-tracer to determine the kinetics 
of this reaction.The stereoselectivity is discussed in terms 
of the stereochemical relationship between the axial CIO 
hydrogen and the lone-pair of electrons of the N5 atom.
The effect of high-basicity on transition-state geometry 
and the stereoselectivity is also discussed.
Similar tracer techniques were employed in chapter two 
to study the conformational effects of small to medium sized 
alicyclic rings on the base-catalysed ionisation of a series 
of methylcycloalkylketones under aqueous base conditions.
The nature of the reaction intermediate is discussed in terms 
of the observed kinetic behaviour.
Chapter three represents a complete departure from the 
kinetic theme of the previous chapters in that it is concerned 
with the isolation and tritiation of chrysophanolanthrone a 
natural product suspected to possess valuable pharmaceutical 
properties.
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"Synthesis,Analysis,and Application of Tritiated 
Compounds”,
General Introduction,
Tritium was first detected in 1934 by Rutherford
when he synthesised tritium by bombarding a deuterium
target with fast deuterons,Coroborativ/e evidence was
soon forthcoming from America where the Princeton team
of Lozier,Smith,and Bleakney succeeded in detecting
tritium in natural sources,The newly discovered isotope
1 2was initially thought to be stable ' ,but later research 
revealed that it was a soft f - emitter,disintergrating
3
to He with the emission of an electron (radioactive 
decay constant = 1.801 x 10"^s“^),with a half-life 
of 12,35 years,^
Tritium occurs naturally in the envoironment 
as the product of nuclear reactions that occur in 
the upper atmosphere,The energetic atoms of tritium 
which result from these reactions are then incorporated 
into water by isotopic exchange or they react with 
oxygen to give the oxide.
T +
T + fragments
I  + H H O THO
A second,rather unfortunate,environmental 
source of tritium has arisen as a result of the testing 
of thermonuclear weapons.
Naturally occurring tritium is heavily diluted 
in the envoironment and so,for scientific research, 
it is manufactured by a variety of nuclear reactions.
The most common method is to bombard ^Li,as a 
magnesium ^'^or aluminium^alloy,with fast electrons 
to produce tritium as the metal tritide.The tritium,as 
the gas,is then liberated from the alloy by treating it 
with a mineral acid.The tritium gas can then be 
conveniently stored by adsorption onto pyrophoric
7
uranium .when required the tritium gas is released by 
heating the uranium to temperatures in excess of 400*C.
For commercial purposes,however,tritium is more commonly 
supplied in the form of tritiated water,THO,the oxide, 
T2Û,or as ampoules of tritium gas.
Since its discovery tritium has become invaluable 
in many scientific disciplines as a radio-tracer, 
although its use was at first restricted because of the 
lack of any suitable instrumentation for reliably 
detecting and measuring soft /? - radiation.The situation 
,however,changed with the advent of a number of techniques 
,such as liquid /?- scintillation counting,which were 
sensitive enough to detect and measure /3- radiation, 
and its use as a radio-tracer grew at an astounding rate. 
It has now become one of the most versatile and widely
used of the radio-tracer isotopes,its popularity being 
due to the following reasons;
(a) it is relatively inexpensive,
(b) because it is a soft /3 - emitter it is not 
as hazardous to use as other radioisotopes,
(c) it has a convenient half-life which is long 
enough for most radio-tracer experiments, 
but is short enough to remove any concern
over the production and use of large quantities,
and (d) a large range of different compound classes 
can be easily labelled by a number of 
techniques to very high molar specificities.
The latter is one of the major reasons for the 
applicability of tritium as a radio-tracer and the 
several methods that exist for tritiating compounds
can be classified into the following categories:
(a) direct isotopic exchange,
(b) direct chemical synthesis,
(c) bio-chemical methods.
and (d) recoil-labelling.
Of these four categories it is the first that
8 9has received the most attention over the years * and 
this category can be further defined as consisting of 
the two following methods;
(a) the gas-Bxposure method.
and (b) catalysed isotopic exchange.
The gas-exposure method is more commonly known
as "Uilzbach” labelling after the man who first
0
developed this technique in 1956.It has been by far 
the most widely used method for labelling compounds
9
with tritium and has been the subject of many publications. 
The method involves exposing a small quantity of a 
finely divided compound to tritium gas (1 - lOCi) for 
a number of days or even weeks.The compound is labelled 
via a number of radiation induced isotopic exchange 
reactions,i .e .,
(a) the reaction between recoiling tritium atoms 
and the compound.
RH ------------► RT
8
(b) the reaction of excited or ionised tritium 
molecules with the compound,
-> 2T
2T + RH ------------->  RT + HT
and (c) the reaction of excited or ionised compound 
molecules with the tritium.
RH R H"^  + e "  RH’*’ + T -^--------— ► RT + HT
RH R H * RH* + T^   ► RT + HT
Despite its simplicity it suffers from several 
severe drawbacks in that radiation damage is high,the 
labelling is non-specific,and large quantities of tritium 
gas are consumed.Hence,despite efforts to improve the 
method^^ ^^,it has been largely superseded by the second 
method of catalytic isotopic exchange for the routine 
preparation of labelled compounds.The applicability 
of this method is restricted only by the stability of 
the compound under the exchange conditions.
Isotopic exchange of hydrogen for tritium in 
labile positions is easily achieved by simply dissolving 
the compound in a solvent containing the tritium,commonly 
in the form of tritiated water (THO)•Instantaneous 
exchange occurs with those hydrogen atoms attached to 
nitrogen,oxygen,or sulphur.An equilibrium is rapidly
9
attained and the tritiated compound remains after the
removal of the solvent.The process is,of course,
reversible and compounds labelled in this way are
therefore of little use for radio-tracer work.The exchange
of hydrogen atoms attached to nitrogen and oxygen,however,
has been studied in connection with studies into the
hydrogen-bonding displayed by m a c r o - m o l e c u l e s ^ ^ .
Far more desirable,therefore,is the exchange
of tritium into stable sites and this is achieved by
employing a homogeneous or heterogenous catalyst.
The mechanisms of homogeneous catalysed isotopic
exchange are readily explained and have been reviewed
20in some detail by Gold and Satchell .The situation
for heterogenous catalysis is less clear in that different
mechanisms are likely to be operative for the noble-metal
catalysts that are employed.
For the deuteration of aromatic compounds two 
21 22 23mechanisms ' ' ,which also apply for tritiation,
have been proposed^^;
(a) the Associative v- complex Substitution 
Mechanism,
and (b) the Dissociative rr - complex Substitution 
Mechanism.
Both involve a ir- complex chemisorbed aromatic
10
nucleus occupying a horizontal position on the catalyst
o c Op. 01
surface.Evidence ' * suggests that the latter is
dominant for platinum-catalysed exchange reactions in 
solution•
(a )
CATALYSTCATALYST
H orizonta lly  
7T—bonded.
(b )
Inclined at 90  
ed g e-o n  and 
cr-bonded.
CATALYST
CATALYSTCATALYST
H
CATALYST
CATALYST
CATALYST
‘D
bonded. IT - bonded.
The advantages of homogeneous and heterogenous 
catalysed isotopic exchange in solution over Uilzbach 
labelling are clear in that:
(a) compounds can be readily labelled to high 
specific activities in short labelling times,
(b) the labelled compounds are easier to purify
11
due to negligible radiation damage,
and (c) they do not consume great quantities of 
tritium.
However,whereas the position of the label can be 
predicted fairly accurately for homogeneous catalysed 
exchange reactions,the same cannot be said for 
heterogenous catalysed exchange reactions.This method 
also suffers other disadvantages in that;
(a) aliphatic compounds are less easily tritiated 
than aromatic compounds,
(b) the presence of iodine or nitro-groups will 
inhibit labelling,
(c) dehalogenation may occur in some cases,
and (d) highly active solvents are required in order 
to achieve high specific activities.
Despite these disadvantages heterogenous,and
homogeneous,catalysed isotopic exchange is widely used to
2 8
routinely label compounds.Direct chemical synthesis , 
however,when circumstances permit,can be a more precise 
and reliable method of labelling and is of particular
12
value when very high specific activities (mCi.mrnol"^) are 
required.
There are three general reactions which are widely 
used,in addition to the more specific chemical syntheses 
involving a tritiated intermediate,to label a compound. 
These reactions are:
I.The Reduction of Unsaturated Compounds.
( a )  R C H = C H X  ---------------- >  RCHT— CHTX CX = B r ,C I , I . )
%
(b) R C = C X  -----   >  RCTg— CT^X
(c) R C = N  -----   ► RCTNH^
Td) R.RC =  0    ---->  R.r'CTOH
This is a convenient way of tritiating a compound 
and the usual procedure is to halogenate the compound 
in solution (usually a non-polar solvent such as dioxan) 
with a tritium-hydrogen gas mixture in the presence of 
a noble-metal catalyst.Partial reductions can be affected 
by the judicious choice of the catalyst.The principal 
disadvantage is that non-specific labelling can on rare 
occasions occur where this is especially true for 
long-chain unsaturated compounds.A possible explanation 
for this is that under the catalytic conditions of the 
reaction a double-bond shift occurs prior to the addition 
of tritium.
13
2.Catalytic Halogen-Tritium Replacement*
RX + Tg ---------------- ► T X +  RT X = F ,C I B r , I
TX 4 -"o h  ----------------►  THO + " X
The experimental conditions for this reaction 
are similar to those employed for catalytic reduction, 
except that a base must be present to remove the tritium 
halide (TX),which will otherwise poison the catalyst.
The presence of tritiated water (THO) in the reaction 
mixture may result in some non-specific labelling,since 
as the reaction proceeds the concentration may reach a 
point where,in the presence of the catalyst,hydrogen- 
tritium exchange may occur.
3.Reduction of Compounds with Tritiated Metal 
Hydrides.
This method employs the use of tritiated metal 
hydrides,such as lithium or sodium borotritides,for the 
reduction of acids,esters,aldehydes,ketones,and nitriles.
CO— CH NHMeHO
HO
CT— CH NHMe■> HO —
NaBH T
OH
HO
The labelling is strictly specific,the tritium 
atoms being located on the carbon atom forming the
14
unsaturated group.
Direct chemical synthesis and catalysed isotopic 
exchange are therefore the two major methods for 
labelling compounds with tritium.The other methods of 
bio-chemical synthesis and recoil-labelling are not 
widely used for a variety of reasons.Bio-chemical synthesis 
,for instance,although widely used to label compounds 
with carbon-14,is of little use due mainly to the 
hydroponic nature of biological systems and the mobility 
of hydrogen,and therefore tritium,atoms under such 
conditions.The technique of recoil-labelling is also 
not widely used since;
(a) only low specific activities are possible 
(< IrnCi.g"''),
and (b) radiochemical yields are low due to extensive 
radiation damage induced mainly by recoil 
tritium atoms of high kinetic energy.
The ease with which tritium can be incorporated 
into a wide variety of compounds has helped it to become 
a popular choice as a radio-tracer in a number of fields. 
This alone,however,would not have been enough had it not 
been for the development of a number of sensitive and 
accurate techniques for the detection and measurement of 
soft ft - radiation.Although most of the standard methods
15
for the measurement of radioactivity can be adapted to
detect and measure ft - radiation,see table 1 ,it has
been the development of liquid /) - scintillation 
29counting that has proved to be the most important 
technique.lt is therefore appropiate to briefly discuss 
this important instrumental technique at this point.
The principle of this technique is the conversion 
of ^ - radiation into pulses of light,using a scintillant, 
which are then in turn converted to photoelectrons 
producing charge pulses which can be amplified and 
counted.This "scintillation" process can be summarised 
as follows:
(a) the energy of the emitted ft - particles 
are transferred to the scintillants solvent 
molecules (usually toluene or xylene) by 
collision,which results in the excitation, 
ionisation,or dissociation of the solvent 
molecules,
(b) the excitation energy of the solvent molecules 
is then transferred to the molecules of a 
primary solute,such as 2,5-diphenyloxazole 
(p r o ),which is capable of fluorescing (the 
primary fluor),
and (c) the excitation energy of the excited primary
16
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fluor molecules is then emitted as quanta 
of energy,in the visible or near UV range, 
as the molecules return to the ground state.
The process of liquid H - scintillation is quite 
inefficient with only 5% of the total energy absorbed 
from the /? - radiation being re-emitted as light.The 
majority is degraded to quanta of lower energy (heat) 
or is consumed in chemical changes.Chemical and colour 
quenching can further reduce the efficiency of the 
process.Chemical quenching is due to the presence of 
non-fluorescent solutes intefering with the transfer 
of the /3 - particle energy from the solvent molecules 
to the primary fluor.They absorb it themselves and 
convert it to forms other than light.Colour quenching 
on the other hand is simply the absorption of the 
emitted light by coloured materials.
The situation can sometimes be improved by the 
addition of a secondary fluor,such as 1,4-bis- 
(5-phenyloxazole-2-yl)benzene (POPOP),to improve the 
spectral match between the emission spectrum of the 
primary fluor and the spectral response of the 
photomultipliers.The secondary fluor absorbs the photons 
of light emitted by the primary fluor and re-emitts them 
at a wavelength closer to the spectral response of the 
photomultipliers.
Most liquid scintillation counters employ two or
18
more photomultipliers,connected by "coincidence" circuitry
,to view the sample.This ensures that only those pulses
of light detected simultaneously by all the
photomultipliers are recorded,thus eliminating the
recording of "false counts" due to instrument noise,
cosmic radiation,or secondary scintillations.They also
enable the calculation of the counting efficiency by
30employing the channel-ratio technique ,the detection
and correction of sample quenching,and the simultaneous
31 32measurement of two different /3- emitters ' .
This technique is rapid,easily automated,sensitive 
,accurate,can measure the activity of two or more 
/3- emitters simultaneously,and is non-destructive.In 
addition it may be combined with other techniques such 
as HPLC.This has proved to be a powerful analytical tool 
and has been particularly useful,for instance,in helping 
to elucidate the mechanism of imadazole catalysed epoxy 
resin cure.
Liquid /9- scintillation counting,however,suffers 
from the drawback in that it can give no information on 
the regio- and stereospecificity of the labelling.This 
information is of particular importance to the physical 
chemist since even the most carefully conducted tritiation 
may result in a product labelled in positions other then 
those intendedsTraditional methods involving chemical 
degradation of the labelled compound to determine the 
pattern of labelling are costly in terms of time,effort.
19
and material.A good illustration of this is the 
determination of the labelling pattern of [g -^h ] - benzoic 
acid which requires nine chemical degradation reactions.
1 . G . y
ÇO,H
Gives Tritium  at 
thp meta position.
O N NO.
CO,H Gives Tritium  at the ortho position
Br
NO. NHNO NHCOCH,
CONH NHCOCI NHCOCH2 2 3
■>■>
Br
Gives Tritium at the para position.
In addition the results are subject to a variety
of errors arising from the (usually unknown) departure
from 100# integrity of most organic reactions,and
unexpected isotope exchange.For larger molecules the
33situation becomes increasingly more complex .Fortunately
20
the instrumental technique of nuclear magnetic resonance 
(NMR) provided the solution to this problem.
Tritium has a spin quantum number of a i and an 
NMR frequency of 107 MHz for a magnetic field of 23.5 Tesla. 
Tritium is therefore a more sensitive nucleus to NMR 
detection than that of hydrogen.Since protons and tritons 
have similar magnetogyric ratios,and are both spin -J-, 
they both give sharp spectral lines.In addition it has 
been shown experimentally that their respective chemical 
shifts,for a range of compounds,are practically 
identical^^'^^.
= 1 00 (±0 01)
This agrees with thoery that states that the 
chemical shift for a pair of isotopes A and B are related 
by the equation;
(1- Q-%) (1 - 0-% ) 
0  ° ’ b )
o  =  C h em ica l s h ift.
O" = N uclear screening  
co effic ien ts  for the  
sam ple and in terna l 
reference for A & B 
respectively.
Since the nuclear screening coefficients are little 
altered by isotopic substitution then:
S, / S ^  =1-00
21
It is therefore possible to utilise the existing 
wealth of proton chemical shift data to interpret tritium 
NMR spectra•Since the chemical shifts are the same then 
this implies that the ratio of the resonance or Larmor 
frequencies,Wy/w^,for any site,at a constant field 
strength,should be constant•Research showed that this 
was indeed true for a wide range of mono-tritiated 
compounds although there is some dependence of the Larmor 
frequency on the degree of carbon-hydrogen hybridisation. 
This therefore provided the solution to the problem of 
choosing an appropiate reference compound for H - NMR 
spectra.
1
Most H - NMR spectra are referenced to the 
H - NMR signal of tetramethylsilane,TMS,hence the
3
H - NMR spectra can be referenced by simply multiplying 
the accurate resonance frequency of the internal proton 
signal by the Larmor frequency ratio,1.06663974,for
monotritiated tetramethylsilane.This provides a reference
3
frequency for the H - NMR spectrum.This "ghost" internal
3
reference corresponds to the H - NMR signal that would 
occur had monotritiated TMS been present.This hence 
absolves the use of a tritiated reference which is very 
desirable from the point of view of safety.
It is therefore possible to determine the labelling 
pattern of a tritiated compound by comparing directly 
the decoupled H - NMR spectrum with the corresponding 
H - NMR spectrum.
22
Until the development of pulsed Fourier Transform
NMR most instruments operated on the principle of
observing the NMR characteristics of a compound by
continuous wave,CU,techniques.This meant that because
of the low natural isotopic abundance of tritium in
compounds,spectra could only be obtained for very active
compounds (lOCi) and hence routine analysis of tritiated
compounds,typically ^SOmCi,was not possible.The
3 6development of pulsed Fourier Transform NMR changed 
the situation drastically and it is now possible to 
routinely record spectra for compounds containing ^O.IraCi 
per site (for a 16 hour accumulation of data on a 96.0MHz 
instrument),For instruments of even greater sensitivity, 
200 - 400MHz,it is theorectically possible to record 
acceptable spectra for activities as low as 25 - lO^Ci 
per site.
Hence with the advent of tritium NMR,enabling the 
accurate determination of isotopic labelling patterns, 
liquid /3- scintillation techniques for detecting and 
measuring soft radiation,together with the ease with 
which tritium can be incorporated in compounds,tritium 
has found wide application as a hydrogen-tracer.The many 
applications of this remarkable isotope are summarised in 
table 2 .One of the important applications of tritium is as 
a hydrogen-tracer in the study of the mechanism and 
kinetics of proton-transfer.
Proton-transfer is a fundamental chemical process
23
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and is quite often the key step in the mechanisms of
chemical and biochemical reactions.lt is a simple process
and involves for acid,base,or enzyme catalysed reactions,
the movement of a proton,with no serious disorganisation
of bond electrons,between the substrate and the catalyst.
Such reactions can possess a wide range of rate velocities
37 30
from diffusion controlled reactions * involving 
nitrogen or oxygen acids to slower reactions involving 
proton-transfer from carbon.
A number of indirect methods have been used to 
measure the rates of proton-transfer for a wide range 
of half-lives.When the half-life is in minutes or hours 
the appearance of a reaction product,or the disappearance
of a reactant may be monitored by measuring changes in
39 40 A't
the pH ,conductance ,or UV absorbance .Magnetic
42resonance line broadening may be used for reactions 
with half-lives of c.a. 10 - 10 seconds and stopped
or continuous flow techniques for those with half-lives 
of 10 - 10 seconds.Faster reactions can be examined
using chemical relaxation methods^^'^^.In these methods 
the chemical equilibrium that exists between the products 
and the reactants is perturbed by a rapid change in the 
temperature,or pressure,of the system.This induces a 
reaction to take place to restore the equilibrium which 
can be observed as the rate of change in the uu absorbance 
of one of the reactants or products.
Proton-transfer reactions with half-lives of
25
*  510 - 10 seconds do occur on rare occasions and have
been studied using the ultrasonic stationary method^^.
The use of tritium as a hydrogen-tracer,however,
provides a direct method for following the rates of proton
transfer^^for those reactions with half-lives of > 10*"^
47
seconds.lt was McKay who first showed that the shape of 
the concentration versus time curve for isotopic exchange 
would be that for a first-order reaction,independent of 
whether the reaction was uni,bi,or termolecular.Later 
studies showed that provided the distinguishable isotope 
remained in trace quantities McKays conclusions would 
still apply irrespective of the magnitude of any 
associated isotope effect,isotope fractionation,or to
AQ
differences in the mechanism of the exchange •
Consider the generalised reaction scheme for the 
hydroxide catalysed ionisation of a carbon-acid,labelled 
with tritium (T) in aqueous solution.
RT + "OH \ -  R" + HTO
- 1
r "  + H O  --------► RH + "0 H
The conjugate base,R ,is known as a carbanion.lt 
is a negatively charged species in which a central carbon 
atom is attached to three groups with an unshared electron 
completing the octet in the valence shell.
This simple reaction occupies a key position in the 
study of chemical reactions,where the rate of ionisation
26
is controlled by the stability of the carbanion which
49is dependent upon several factors ,i.e..
(a) s-orbital effects
(b) conjugative effects,
(c) inductive effects,
(d) homoconjugative and negative hyper-conjugative 
effects,
(e) aromatisation effects,
and (f) d-orbital effects.
If it is assumed that the carbon-acid,RT,is not 
appreciably dissociated,that the carbanion,R ,reaches 
only steady-state concentrations,tritium is present in 
tracer quantities,and that is the rate-determining step 
then;
- d Crt]  _ k , [■ Oh] [ rt] --------------------------------------  1
dt
If this is performed under pseudo first-order 
conditions then Eqi
obs- d  [RT] _ k ° [ r t ]  
dt
27
where is the observed pseudo first-order rate constant
for the detritiation of the labelled carbon-acid.If this is 
followed by observing the rate of decline in the acid 
substrate radioactivity then:
In [ r t ] _ k° ^ + c _ k^ [”0 h ] + c 
   —O - 1 — “OH
[ " ü ,
Which is equivalent to:
^^0 = k + c i.e. [ r t ]  = C t  = d .p .m . at t = 0 .
—  ■ ■ 0 0
A plot of log^jgdpm (disintergrations per minute) 
against time will give a straight line,for one 
exchangeable site,where the gradient is equal to-k°^®/2.303. 
The second-order rate constant can then be calculated 
from:
= -s lo p e  X 2 .3 0 3  /  [  O h]
"OH
The use of tritium as a hydrogen-tracer therefore 
provides a straightforward method for studying directly 
the mechanism of proton-transfer from carbon.
This thesis is concerned with the tritiation,by 
base or platinum-metal catalysed isotopic exchange,of 
a natural product (Chrysophanolanthrone) and selected 
carbon acids.Their analysis using,amongst other techniques,
■7
H - NMR to determine the specific positions of the label.
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and in the case of selected tritiated carbon-acids the
study of their kinetics of detritiation using tritium
tracer techniques.
Hence in Chapter One the stereospecificity^^
displayed by the base-catalysed ionisation of the
equatorially and axially orientated Cl0 protons of the
51antidepressant drug Mianserin (l,2,3,4,10,14b-hexahydro- 
2-methyldibenzo(cf)pyrazino [1,2-a] azepine) was studied 
for a range of highly basic DMSO-H26-OH media.The effect 
of altering the structure of mianserin was also studied 
by observing the behaviour of two structurally similar 
compounds under identical conditions.
Organon -  3770
M ian ser in .
CH. CH.
6
Organon- 2  249 .
CH.
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In Chapter Two the effect of alicyclic ring-size 
on the rates of detritiation of a series of tritiated 
cycloalkylmethylketones in an aqueous basic medium was 
studied and Chapter Three deals with the isolation,and
52tritiation,of the natural product chrysophanolanthrone 
(1,8-dihydroxy-3-methyl-9(1OH)-anthracenone) from a 
mixture of naturally occuring anthrones known trivially 
as Chrysarobin•This was carried out for research being 
performed in America on the pharmaceutical properties 
of Chrysarobin.Chrysarobin has been used extensively in 
the past for the treatment o,f a variety of skin disorders 
such as psoriasis and excema.
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[iG,1G-^h ] -  Organon 3770,and [9,9-^h ] - Organon 2249
under Highly Basic Conditions.
1.2.4 The Experimental Procedure for the Partial Detritiation 
of [ iG,1G-^h ] - Mianserin, [9,9-^h ] - Organon 2249,
and [ iG,10-^h ] - Organon 3770.
1.3.1 Tritiation Results.
1.3.2 Kinetic Results.
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Chapter One, The Stereoselective Base-Catalysed
Ionisation of Mianserin:- A Kinetic and
Mechanistic Study of its Dependence 
on Molecular Structure and the Basicity 
of the Reaction Medium,
1,1,1 Introduction: "Early Uork",
Mianserin is a tetracyclic antidepressant 
(1,2,3,4,10,14b-hexahydro-2-methyldibenzo [c,f] pyrazino 
[l-20(] azepine)uhich was initially developed as an 
antihistamine and antiserotonin compound ,and is very 
different structurally from other tetracyclic drugs 
of the maprotiline type,which have analagous properties.
10 CH (CH ) NHCH
M ianserin .
M a p ro t i l in e .
CH.
It has become,in recent years,an established drug
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(Bolvidon,Lantanon,Tolvin; Organon Pharmaceuticals) for 
the treatment of depressive illness and depression 
associated with anxiety.lt combines an antidepressant 
activity with a marked sedative effect and has an 
overall efficiacy comparable with the tricyclic 
antidepressants amitryptyline and imipramine.
( C H j . N M e
m pram m e. A m itryp t i l in e .
Unlike amitryptyline or imipramine,however,at 
dosages which achieve similar clinical effects,mianserin 
has been shown to cause significantly fewer anticholinergic 
side-effects and also appears less likely to cause serious 
cardiotoxicity on overdosage.Indeed it appears to be 
well tolerated by the elderly,patients with cardiovascular 
disease,and does not appear to antagonise the action 
of adrenergic neurone blocking hypertensive drugs or 
affect the anticoagulant action of phenprocoumon.These 
drugs are quite often prescribed after extensive surgery, 
hence mianserin can be administered to curb any associated 
anxiety or depression with relative impunity.
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Side-effects are generally mild and tend to 
disappear as treatment continues•The main side-effect, 
as mentioned earlier,is drowsiness,but overdosage has 
been reported to induce hypertension,tachycardia,pupil 
dilation,vomiting,dizziness,and ataxia (a glossary of 
all medical terms used is presented at the end of this 
chapter in Appendix One).However,unlike amitryptyline, 
an overdose of mianserin does not cause convulsions 
or any life-threatening cardiac arrythemias.
Mianserin has,understandably,been the subject 
of some extensive pharmaceutical studies; its chemistry 
,however,has received scant attention,the only studies
to date being concerned with only its structural
2
characteristics.C. van Rij and D. Feil were the first 
to look at the absolute structure of mianserin when 
they conducted an X-ray diffraction analysis on crystals 
of (+)-mianserinhydrobromide.The synthesis of mianserin 
had been previously reported and spectroscopic measurements 
had indicated an anti-piperazino-azepine structure and 
an expected chair conformation for the piperazino ring. 
Mianserin was therefore thought to be one of the following 
structures shown below,in figure 1.1.1.
No conclusive evidence,however,could be given as 
to the conformational state of the azepine ring or the 
value of the dihedral angle occurring between the two 
benzene rings.
The studies of C. van Rij and D. Feil showed that
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Figure 1.1.1 . The two possible conformations of ( + ) mianserin 
( a )  proves to be the correct one.
the correct structure is (a) where the (+)-mianserin- 
hydrobromide possesses an (s)-14b-configuration in the 
crystal state,i.e., the 14b hydrogen is orientated anti 
to the azepine ring and vice versa (see figure 1.1.2).No 
further uork was performed until very recently (1981) 
when Funke,Kaspersen,and their c o - w o r k e r s ^ s t u d i e d
3
the NMR characteristics of mianserin ,and various 
deuterated mainserins^,so as to build up an exact
40
conformational picture of mianserin in solution (CDCl^)* 
These studies revealed that the conformation of mianserin 
in solution is essentially the same as its crystal 
structure,It was further observed that the chemical shifts 
for the Cl0 protons were not equivalent (4,82ppm and 
3,30ppm respectively),This was attributed to the twisting 
of the upper bridge of the azepine ring towards the 
lone-pair of the N5 atom.This brings both the Cl0 protons 
onto the same side of the aromatic plane where the axial 
proton is orientated towards the N5 lone-pair of electrons. 
Hence the axial proton is "shielded" by the M5 lone-pair 
which accounts for the disparity between their chemical 
shifts.
120
Figure 1.1.2
The deuteration of mianserin under basic conditions
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also revealed (DgOfNaOHfHMPT) that exchange occurred at 
the CIO position•This exchange is probably facilatated 
by the poor conjugation between the N5 p-electrons and 
the adjacent aromatic ring.It was also observed that 
exchange of the equatorial proton was favoured,as 
expected from the conformation,over exchange of the 
shielded axial proton by a factor of approximately five.
In other words the base-catalysed hydrogen isotope 
exchange reaction at the CIO position was stereoselective.
The existence of stereoselective reactions are 
well known and in recent years the base-catalysed 
hydrogen isotope exchange reaction has been extensively 
used to study aspects of stereoselectivity^.The compounds 
usually studied were ketones (cyclic,bicyclic,or steroidal). 
It was shown,for example,that for 4-t-butylcyclohexanone^ 
the ratio uas approximately five,a
result that was rationalised in terms of stereoelectronic 
control.
Similarly the base-catalysed exchange of the 
diastereotropic protons oL to the carbonyl group in
7
twistan-4-one was observed to exhibit a kinetic selectivity 
of 290;1.Clearly the observation of such highly selective 
exchange processes implies that stereoelectronic control 
or stereoselectivity can be of major importance in 
chemical reactions.
Since the NMR experiment on the deuteration of 
mianserin under basic conditions,and the conformation
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of the moleculB^implicated a stereoselective reaction 
it uas decided that mianserin would be an ideal compound 
with which to extend the study of stereoselective 
reactions to compounds other than ketones or carbonyl 
containing compounds.lt was therefore decided to use 
tritium as a hydrogen tracer with which to study the 
base-catalysed ionisation of the equatorially and axially 
orientated C10 protons.The kinetics of the detritiation 
reaction will allow the degree of stereoselectivity to 
be quantitatively determined and conclusions drawn as 
to the nature of the ionisati'on mechanism.
Preliminary research had shown that tritiated 
mianserin would detritiate significantly only in highly 
basic media.This chapter is therefore concerned with a 
study of the detritiation of [lO-^H ] - mianserin in a 
series of highly basic DflS0-H20-”0H media.The study was 
then extended to look at the effect of altering the 
structure of the mianserin molecule on the rates of 
detritiation of the CIO protons.This was achieved by 
studying the base-catalysed detritiation of two analogous 
compounds,denoted as Organon-2249 and Organon-3770,for 
similar basic conditions.
In addition the nature of the transition-state for 
the base-catalysed detritiation of mianserin was inferred 
from correlations of the observed pseudo first-order rstsi 
of detritiation of the CIO tritons with the basicity of 
of the reaction medium,denoted by the Hammett Acidity
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Function H_ .Plots of log^gk^^^ against H__ can be treated 
in the same way as Bronsted /)-plots where the slope 
of the plot indicates the nature of the transition-state, 
i.e.,slopes that approach unity indicate a late transition 
state in which the exchangeable triton is more closely 
bound to the base catalyst than to the parent molecule 
and vice versa.
Hence the effect of altering the basicity of the 
reaction medium on the transition-state of the base- 
catalysed detritiation of the Cl0 axial and equatorial 
tritons of mianserin was also studied.This aspect of the 
study was also extended to the two structurally similar 
compounds Organon-2249 and Organon-3770.
Since highly basic media play a prominent role 
in this study it is therefore pertinent to discuss this 
subject further.
1.1.2. Highly Basic Media.
0
In his review on acidity functions Bowden suggested 
that highly basic media could be defined as those solutions 
able to ionise weak acids to the same or greater degree 
than 0.1 molar alkali metal hydroxide solutions.Such highly 
basic media can be prepared in a number of ways:
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(a) by employing high base concentrations^
In this way aqueous sodium hydroxide solutions 
can be obtained at concentrations up to 
12 moles.litre~^;
(b) by using a binary solvent system in which
11one of the solvents is itself basic ;
(c) non-aqueous media of high basicity may be
obtained by carefully considering the acid
strengths of various solvents.One of the
1 2most frequently used is liquid ammonia
(pKa =35),whilst amine solvents such as
methylamine or cyclohexylamine have been
extensively used in connection with the
1 3acidities of hydrocarbons ;
and (d) by the addition of a suitable dipolar aprotic 
solvent to an aqueous base solution.
The latter is the most popular method for generating 
a highly basic medium.This has the advantage in that ion 
association is absent,hence no allowance need be made 
for it,and that the degree of basicity can be varied in 
3 controlled.continuous,manner.The basicity of such a 
highly basic solution is expressed in terms of its Hammett 
Acidity Function,H_,which is a measure of that solutions
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ability to abstract a proton from an electrically neutral 
weakly acidic molecule,RH,according to the equilibrium;
RH r " + H"*"
The thermodynamic equilibrium constant can be 
expressed as:
f  = activity coeffic ient. 1.1.1
Taking logarithms of this equation gives;
'°9,o 1= '°9.o 4 ^   1-1.2
[RH] / fpH
In dilute aqueous solutions the activity 
coefficients will approach unity,hence;
l o g ,J  j f l  1= lo9 , „ K p ^ -  log,„ [h'*’] ------------------  1.1.3
[RH]
Since the latter term in the above equation measures 
the ability of the dilute solution to abstract a proton 
the equivalent term in the .previous equation can be 
used in more concentrated conditions.The Hammett Acidity 
Function,H_,is therefore defined as;
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H .  =  - lo g ,„  = p K p ^ +  log,^|  1.1.4
Tr'RH
At low base concentrations the Hammett Acidity 
Function,H_,is therefore equal to the pH of the solution. 
For a series of highly basic media,e.g.,DMS0-H20- OH,a 
scale of H_ versus the percentage concentration of the 
dipolar aprotic solvent,for a standard base concentration, 
can be established by employing a series of progressively 
weaker,structurally related,weak acids or "indicators" 
e.g.,amines.The first acid of the series,RH,should have 
a pKa that can be determined in aqueous buffers and an 
ionisation range which spans the upper end of the pH 
scale and the beginning of the H__ scale.This acid is 
thus used to determine the first few H_ values.In order 
to progress to more basic media it is necessary to change 
to a slightly weaker indicator acid,SH,the pKa of which 
is determined,using the previous indicator acid,RH,in 
the solutions previously assessed,i.e..
PKpH- PKsH= '09lO -'"9ip #  + ' " S i P T r / ^   115
® rs / rR
The indicator acid SH can then be used to determine 
the Hammett Acidity Function for further basic solutions
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and so on,This is known as the Hammett stepwise technique 
and can be repeatedly applied to calculate individual 
pKa and H_ values for a series of solutions•THe values 
for.a series of highly basic DMSO-H2O- OH solutions are 
shown in Table 1.1.1.
Correlations of H_ with the rates of proton transfer 
for a compound can be used to give an insight into the 
nature of the transition state for the proton transfer 
reaction•Several studies involving this type of
1 4correlation have been carried out,for example,acetophenones,
dimethylsulphoxide^^, od-cyano-cis-stilbenes"*
17 181,3-diphenylindene ,various fluorenes ,and a variety
19 20of other compounds * have been studied in this way.
The theorectical treatment for the correlation of
rate with H_ for aqueous alkaline solutions has been
21reported by M. Anbar et al .Their treatment,however, 
dealt with the state of solvation of the aqueous hydroxide 
ion and the concentration of free-water,it did not take 
into account the solvation of all the species and the
activity of the solvent,in contrast to the later derivation
22of Kollmeyer and Cram .Although their discussion was in 
terms of MeOH-DMSO-"OMe solutions,their conclusions, 
however,can be applied to any basic solution of a hydroxylate 
ion in the appropiate solvent.
For a base=catalys3d isotopic exchange reaction 
of the type:
k, k
SH + b ’  S + BH 8 " + H O — ^  SH + " 0 H
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Table 1.1.1.
MOLE-FRACTION HAMMETT ACIDITY FUNCTION H_
OF DMSO. a b
0.10 13.10
0.15 13.80
0.20 14.45
0.25 15.00 14.70
0.30 15.55 15.60
0.35 16.05 16.50
0.40 16.50 17.20
0.45 17.00' 17.95
0.50 17.50 18.60
0.55 18.00 19.10
0.60 18.50 19.65
0.65 19.00 20.10
0.70 19.50 20.65
0.75 19.95 21.20
G.80 20.50 21 .80
0.825 20.80 22.10
0.85 21.10 22.45
0.875 21.50 22.80
0.90 22.00 23.30
0.925 22.50 23.80
0.95 23.10 24.50
0.975 24.10
H_ DATA FOR AQUEOUS ALKALI MEDIA CONTAINING DMSO. 
(a=he2S0-H2Û-(CH2)^M 0H“ (0.011M) ; Dolman & Steuart,
Can.O.Chem,45^911,(1967),anilines and diphenylamine 
type indicators.
b=Me2SÛ-H20-(CH2)^N^0H" (0.0471M);Bouden & Cockerill,
J.Chem Soc (B),173,(1970),Cockerill & Camper,3.Chem Soc (B), 
503, (1971 ),fluorene type indicators.)
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the authors showed that the rate expression takes the 
form:
^  ^ OH fgH -  a c t i v i t y  c o e f f i c i e n t  o f
d t  f =*= t h e  w e a k  a c i d  SH»
1 1 0  =  a c t i v i t y  c o e f f i c i e n t  o f
t h e  t r a n s i t i o n  s t a t e .
Now :
H _  = J a:  --------------------------
^HA ^"OH H^A
where HA is the indicator used to establish the H_ scale 
and
If then
A^- _ 4^= a. _ f==H,0 '4=
 -------------- y -  OH----------r — ----------T -
»HA 'SH TSH
and so equation i becomes:
-d lsh ]  k [sn] Kw aH?o
dt h_
which on integration gives:
1.1.8
log,^ [ s h ] = "  :-------------------1.1.9
2-303h_
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and so t h e  o b s e r v e d  f i r s t - o r d e r  r a t e  c o n s t a n t  i s :
obs , ,
k ,  = kKwa^  o /  h_ obs = H_ + log,oan o + c
1.1.10
A linear correlation between log.jpk°^® and H__ is 
therefore expected with unit slope.
For investigations of reaction kinetics in solution,
23it has been argued that for these correlations to apply 
then three conditions should be satisfied;
(a) the reaction mechanism should be unambiguous,
(b) the reaction should be studied over a wide H__ 
range,
and(c)studies should be carried out in media where 
ion association is preferably absent,or if 
present,can be estimated.
The correlation between log^pk°^^ versus is best 
used to infer^^*^^ the structure of the transition state 
when the mechanism is already known and the slopes of these 
plots have been discussed in this light and likened to 
Bronsted /î-coef ficients. The main interest is therefore 
the magnitude of the slope of the log^pk°^^ against H_ plot 
for a proton-transfer reaction.Hence,as for Bronsted
51
/3 -coefficients ,slopes of unity are taken to infer 
that the bond making between the base-catalyst and proton 
is almost complete in the transition state,and that 
decreasing values reflect an increasing resemblance between 
the transition state and the reactants.lt should be noted 
that a linear log^pk°^^ versus H_ plot may also be taken 
as an indication that there is no change in mechanism 
taking place as the solvent composition changes.
Hence the Hammett Acidity Functions for a series 
of highly basic DMSO-H2O- OH solutions (calculated from 
the H_ values given in Tablel.1.1. using the equation below) 
were correlated with the rates of proton transfer for 
the Cl0 protons of mianserin and inferences were drawn 
from the slopes as to the transition state structure. 
Similar correlations were performed for Organon-3770 and 
Organon-2249,and any structural effects,if any,on the 
transition-state structure were noted.
H_ = H_ +  log_ CNaO nl
(ac tu a l^  C0-10M ) " 0-10
The highly basic media used in this study derived 
their high basicity from the abilty of the dipolar aprotic 
dimethylsulphoxide (DMSO) to desolvate the hydroxylate 
ions.It is therefore pertinent to briefly discuss dipolar 
aprotic solvents in general and dimethylsulphoxide in 
particular.
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1.1.3. "Dipolar Aprotic Solvents".
The most popular method for generating a highly 
basic medium is to add a dipolar aprotic solvent to an 
aqueous solution of a metal hydroxide.lt is popular 
because there are no ion association effects and the 
degree of higher basicity can be accurately controlled.
The Hammett Acidity Function for a series of DMS0-H20-~0H 
solutions,for example,can be accurately adjusted from
27a minimum of 12.0,in purely aqueous conditions,to 26.2
for a mole fraction percentage of 99,5%,
28 29Dipolar aprotic solvents ' are non-hydrogen
bond donors,but are good hydrogen bond acceptors,the
protons are strongly bound,and the molecules possess
electron lone-pairs which can facilitate strong
coordination.They therefore possess dielectric constants,
£  ,in the range 15-50.This is a macroscopic concept of
the ability of the solvent to keep solvated ions apart
and,it should be noted,is not a true representation of
interactions on the molecular scale.All the molecules
possess a large dipole moment in excess of 2.50.
Classification within a group of dipolar aprotic
30 31solvents has been proposed * and it is based on the 
assumption that solvation power depends on the following 
properties :
(a) ionisation power,determined by the nucleophilic
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strength of the solvent,or,as a first 
approximation,by its basicity,
(b) dissociation power as determined by the polarity, 
and (c)steric shielding of the coordination centres of
t
the solvent molecule.
Dipolar aprotic solvents solvate anions,including 
cabanions,very weakly,rendering them reactive species 
with this solvation increasing as the size and 
polarisability of the anion increases.This solvation is 
not only a function of the dielectric constant (or dipole
moment of the solvent),but is determined primarily by the
solvents ability to donate protons or electrons,with 
solvation decreasing along the series:
HgO)> MeOH ^  DMSO > DMF > HMPT
The situation is reversed for the solvation of
32 33 34cations ' * ,including delocalised transition states
which are strongly solvated,especially in DMSO where a 
high electron density is carried on the unscreened oxygen 
atom.These conclusions were derived from studies performed 
on DMF^^,DMSG^^ ~ ^^-and HMPT^^.and the observed series 
of cation solvating power is:
H M P T >  DM SO >  DM F >  H O >  MeOH
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SOLVENT DIELECTRIC CONSTANT! 
(£)
ACETONE 21
HEXAMETHYLPHOSPHORAMIDE 30
N-METHYL-2-PYRROLIDONE 32
N,N-DIMETHYLFORMAMIDE 37
ACETONITRILE 36
DIMETHYLSULPHOXIDE 47
SULFOLANE 44
TABLE.1,1.2.
THE DIELECTRIC CONSTANTS OF SOME DIPOLAR APROTIC SOLVENTS
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Dipolar aprotic solvents will also solvate neutral^^*^^ 
species containing NH and CH entities via the free electron 
pairs on the solvent electron donor atom.
The dipolar aprotic solvent that has been used 
in these studies is dimethylsulphoxide a transparent 
liquid possessing a high dipole moment (4.3+ 0.10) and 
dielectric constant (46.4 at 25 C).The molecule is 
therefore very polar and strongly associating.Its crystal 
structure is pyramidal with the sulphur-oxygen bond a 
resonance hybrid of a semi-polar double bond;and a (p-d)TT 
sulphur-oxygen double bond.
“3C +  _ H3C
JS-0 ' » s=o
H3C H3C
Due to its pyramidal structure,and the resulting 
low steric shielding about the oxygen donor atom, 
dimethylsulphoxide is able to readily donate electrons 
(an ability only exceeded by hexamethylphosphoramide).
It is this ability,in conjunction with its high dipole 
moment and high dielectric constant,that makes DMSO a 
good coordinating solvent for positively charged entities.
Consequently on the addition of DMSO to a solution 
of tétraméthylammonium hydroxide in water the Hammett 
Acidity Function,M_,rises from 12.0 in purely aqueous 
conditions (Q.IMolar in tétraméthylammonium hydroxide) 
to 26.0 in a 99.5% mole fraction solution of DMSO.This
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rapid increase in basicity is due to the molecules of 
DMSO displacing,and coordinating to,molecules of water 
from the solvation shells of the hydroxide ions. 
Consequently the hydroxide ions,anions of small size and 
localised charge,will be far stronger bases,due to the 
reduction in hydrogen-bonding with the water molecules, 
and are therefore less solvated than in aqueous solution. 
This behaviour has been explained by Stewart^^ in terms 
of the effect of the aprotic solvent on the equilibrium 
shown below.
RH + ” 0 H  ( h o^ )^    > R" + + l )  H^O
n = the hydration n u m b e r  of the OH ion.
On addition of the aprotic solvent the hydroxide 
ion activity is raised,primarily by the desolvation 
effect of the DMSO molecules,and the equilibrium will 
shift towards the right and there is an increase in 
basicity.The addition of DMSO will also decrease the 
activity of the water molecules^^ and experimental results^^ 
demonstrate that as the water content decreases so does 
its activity coefficient.The major factor,however,for the 
increase in the basicity is the desolvation of the 
hydroxide ions*
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1.1.4. "Experimental Theory".
The base-catalysed detritiation of [i0,10-^h ]- 
mianserin can be thought of as an example of a parallel 
isotopic exchange reaction,where the detritiation of the 
two exchangeable CIO tritons can be expressed by the 
equations below.
^ T ^ x  + OH *  M + HOT/^x — u A *HoO
kg
2. MTgQ + OH * M + HOTgQ ^ ^ > etc
Where (l) and (2) denote the exchange reaction 
for the axial triton,T^^,and the equatorial triton,T^q , 
respectively.Hence:
d [M T w J  = k, [MT^xltOH] --------------------------------------------------- 1.1.12
dt
■ d [ M T E o j _  k j [ M T E Q ] [ - O H ]  ----------------------- 1,1.13
dt
Since the reactions are taking place under pseudo 
first-order conditions ( ["OH]^[ri] ) then equations 1.1.12 
and 1.1.13 above reduce to:
■ d [ M T ^ , K r [ M T ^ x ]  _________________________ 1.m
dt
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2 1™'EQ
dt
Integration gives:
M T eq  =  M Ï E Q . e * '  *  1.1.17
o
Since the concentration of an active compound is 
directly proportional to the observed radioactivity,then 
the observed radioactivity at time t, Zi obs,can.be 
represented by:
AObs
A  = A  MTax + A M T e q ----------------------1.1.18
Hence :
A Obs -k,t *k t .
A M T a x ^.6 + A M T e q^ b ) ----- 1.1.19
whilst both reactions are taking place a plot of 
log^gd.p.m. (disintergrations per minute) against time 
(minutes) will be curved,however,as the more reactive 
species disappears,which for the sake of argument is the 
equatorial triton,then the plot becomes linear and equation 
1,1.19 reduces to:
obs obs
log.,QAt = log^^AMTAXjj ~ki . t  -------------------------1.1.20
2-303
The observed psuedo first-order rate constant for
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the abstraction of the axial triton can therefore be 
calculated from this linear part of the plot,where:
obs
Gradient = -k ^  /2-303
obs
i .e -k^  = g rad ien t. 2*303
obs
Time Fig, 1.1.3 .
If this linear part of the plot is extrapolated, 
as shown in figure l.i.Sabove,to intersect the y-axis,it 
can be seen that by plotting the logged difference 
between the observed radioactivity,and the radioactivity 
corresponding to the axial triton,against time,then a 
straight line plot is obtained.This describes the rate 
of detritiation of the equatorial triton and hence the 
observed pseudo first-order rate constant can be 
calculated using equation 1.1.21.
The second-order rate constants can then be 
calculated by simply dividing the respective observed 
pseudo first-order rate constants by the base concentration.
*0H obs
k.^  = k  ^ / [ O H ] 1.1.22
The ratio between and was frequently
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in the region of c.a. 4:1 where the curvature displayed 
by the plot of log^g d.p.m. against time was very 
shallow which meant that there was an increased probability 
of errors creeping in when calculating the observed pseudo 
first-order rate constants.Hence so as to minimise the 
effect of any errors the observed data was optimised using 
a computer optimisation programme called KIN2,
The theory behind this technique and the use of a 
computer optimisation programme to optimise kinetic data 
is described in the following section (1.1.5.).
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1 . 1 . 5 .  ’’ Computer  O p t i m i s a t i o n  T e c h n i q u e s ” .
In many cases the difference in the rates of proton 
transfer for a parallel first-order isotopic exchange 
reaction may be small.Consequently the graphical plot, 
depicting the decline in acid-substrate radioactivity,will 
show a very shallow curve gradually become linear.Hence 
the exact position where the curve finishes and the plot 
becomes linear is,difficult to define accurately,Errors 
can therefore creep in when calculating the observed 
pseudo first-order rate constants (see section 1.1.4.).
This problem has led to the development of a number^^ of 
computer programmes designed to optimise the available 
data.Such a computer programme was employed in this study 
since the rate ratio between the observed pseudo first-order 
rate constants for the two exchangeable CIO protons of 
mianserin,etc,was frequently in the region of 4:1 and so 
optimisation of the graphically calculated observed pseudo 
first-order rate constants was required.
These computer techniques'^ describe the kinetic 
system in terms of a set number of parameters,which are 
then adjusted such that some criterion is obeyed.For 
systems in which the sampled data is not only a function 
of controlled parameters,but also time,the usual criterion 
is the ’’least squares error”.
In this treatment,a scalar quantity,”E”,which is 
a function of ”n” parameters ”x^....x^”,is minimised.
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i * G * y
mini mise E = -f ( \ , % 2 ........."n ) 1.1,23
In this study the computer programme KIN2 (listed 
in Appendix 2) has been used to carry out a multivariate 
optimisation by the "search" method of function evaluation 
embodied in the "Simplex"Routine" 48,49,50^2^ this 
procedure the value of "E" is tested near to an estimate 
of the solution.From the results generated,a direction 
of search,in which the minimum is expected to lie,is 
indicated.
A regular simplex in N dimensions is a polyhedron 
with (M+1) vertices equidistant from one another,Thus 
for a 2 - parameter search problem,the simplex is an 
equilateral triangle made up from three observation points, 
each corresponding to a given pair of coordinates and a 
value of the objective function "f".
\
\
\ a
B
The best direction of search lies on the line
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joining the centre of the simplex to the centre of the 
face opposite to the vertex giving the highest E value, 
which in this case is B.A new point,D,the reflection of B 
through the plane AC,is hence generated to give a new 
simplex,AGO,nearer to the minimum.This process is iterative 
and continuous until oscillations about the minimum occur, 
when the size of the simplex is reduced until the search 
criterion is attained.
In detritiation studies,the experimental extent 
of d e t r i t i a t i o n , m a y  be chosen as a parameter,where
Fobs =
N„-
The symbols N^,I\!^,and N represent the radioactivity 
of the carbon-acid system at time zero,at a time during 
the reaction,and at the end of the reaction respectively.
The experimental extent of d e t r i t i a t i o n , i n c r e a s e s  
from zero to unity as the detritiation proceeds.The error 
criterion in this situation is the Least Squares Function, 
S,and this is therefore defined as;
where n is the number of data points and P^g^ 
the theorectical extent of detritiation.
Peal = + x / l - e V )
.64
X and X. are the tritium atom fractions and k ,k. .the a b a b
unknown first-order rate coefficients for sites a and b 
respectively.
The programme used in this study,KIN2,calculates 
Pobs from the experimental data which is then compared 
with the theorectical P^^j^,obtained from estimating and 
varying k^ and k^^.The values of x^ and X|^  are experimentally 
accessible from the tritium NMR spectrum of the carbon-acid.
All that is necessary therefore is for the operator 
to type in the observed data (d.p.m. at time t),the 
calculated values for the observed pseudo first-order 
rate constants k.j and k^jthe tritium atom fraction 
(determined from the H-NMR spectrum of the acid) at the 
major site of tritiation,the size of the error criterion 
,S,and the number of iterations desired.The programme 
will then perform the necessary iterations,the Simplex 
Routine,and calculate the optimised values for k^ and kg 
together with the percentage standard deviation.
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1 . 2 . 1 .  " P u r i f i c a t i o n  o f  R e a g e n t s " .
I.The Preparation of Dry Dimethylsulphoxide.
Dimethylsulphoxide can be dried by a variety of
methods where these essentially involve drying the DMSO
over a drying agent such as calcium hydride (CaHg),
followed by reduced pressure fractional distillation
51
under nitrogen.Hence Cockerill purified the DMSO for his 
studies into the detritiation of fluorenes,by passing the 
solvent,which had been freshly distilled off CaHg,through 
a column of molecular sieve (Linde 5A),followed by 
fractional distillation under nitrogen.Dimethylsulphoxide 
purified by this method possessed a melting point of 18.50*C 
,the accepted literature value being 18.45*C.
These methods of purification are time-consuming 
51 52and so Davey ' ,in his study of the detritiation of 
carbon-acid mixtures in highly basic media,assessed a 
number of different methods and concluded that,for kinetic 
purposes,adequately dry DMSO could be obtained by simply 
"freezing-out" the water.
Hence throughout this study DMSO (BDH;AR Grade; 
advertised water content <*1 %) was dried by cooling a 
volume of DMSO (1 litre) in melting ice until two-thirds 
of the solution was frozen.The remaining liquid would then 
be drained off and discarded.This liquid would contain 
any water that had been present.The dry dimethylsulphoxide
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would be used immediately,but as an extra precaution the 
dry DMSO was protected from moisture in the atmosphere 
by a calcium chloride (anhydrous) drying tube.
2. The Purification of the Water used to prepare the 
Highly basic DMSO-HgO- OH Reaction Media.
The doubly distilled water used to prepare the 
highly basic media,and the aqueous sodium hydroxide stock 
solutions (see section 1.2.3.) was further purified by 
passage through a commercial ,water softener (Elgastat Water 
Purification Unit).This softened water would be boiled 
prior to its use so as to remove any dissolved carbon-dioxide 
,i.e.,carbonic acid.
3.The Preparation of the Stock Solutions of Aqueous Sodium 
Hydroxide.
The stock solutions of carbonate free sodium 
hydroxide were prepared by the accurate dilution of a 
saturated solution of sodium hydroxide.This was,in turn, 
prepared by simply dissolving sodium hydroxide crystallises 
out,together with any insoluble carbonate,to leave a clear 
supernatant liquid.Aliquots of this are then accurately 
diluted to give the required base concentration.
The stock solutions were standardised by titration 
against potassium hydrogen phthalate using phenolphthalein
67
as t h e  i n d i c a t o r .
4.The purification of Mianserin and Associated Compounds.
Organon-2249 and Organon-3770 were supplied by 
Organon Pharmaceuticals,Holland,and were chromatographically 
pure and so no further purification prior to their 
tritiation was necessary.Mianserin,however,was supplied as 
the hydrochloride salt.Hence before performing the 
tritiation the free-base had to be obtained.This was 
achieved as described below.
Mianserin-HCl (200mg) was dissolved in distilled 
water (c.a. 20ml) and the resulting solution was saturated 
with anhydrous sodium carbonate.The precipitated mianserin 
was then extracted into diethylether (3 x 50ml),the ether 
extracts were then bulked,and dried over anhydrous sodium 
sulphate.The filtered solution was then evaporated down, 
by rotary evaporation,to give the crude product.
This was then purified by preparative TLC (silica 
gel plates 200 x 200 x 1 mmjSolvent System; EtAc + MeOH 
( 8 + 2  \/v);Rf=0.50;identified by UV).The pure mianserin 
was then freeze-dried ready for tritiation.
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1.2.2. The Experimental Procedure for the Tritiation 
' of Mianserin,Organon 3770 and Organon 2249.
The tritiation of these compounds was affected by 
base-catalysed isotopic exchange of the exchangeable 
protons with tritium,as tritiated water (THO),in 
hexamethylphosphoramide (HMPT).The general procedure was 
as follows.
A small amount of the compound (c.a. 150 - 200mg) 
to be tritiated is dissolved in the minimum required 
volume of freshly distilled HMPT.This solution is then 
carefully pipetted into a thick-walled glass tritiation 
vial (see figure i,2.l) of the desired size,containing a small 
quantity of powdered solid sodium hydroxide.A small volume 
of tritiated water (5yt/l;50 Ci.ml  ^) is added and the vial 
is then sealed under vacuum.The sealed vial is then 
"stewed" at the required temperature in the thermostatically 
controlled oil-bath for the desired length of time.
After this period of time the vial is removed,opened, 
and its contents extracted into diethylether and water.The 
diethylether phase is separated off and placed to one side 
The aqueous phase is then washed thoroughly with diethylether 
(3 X 20ml),and the ether washings are bulked with the 
original ether phase.The ethereal solution of the tritiated 
material is then dried over anhydrous sodium sulphate, 
filtered,and evaporated down to give the crude product.
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Figure 1.2.1
Thick-Walled Glass Vial.
A Solution of the Compound to 
be Labelled in Dioxan together 
with a small amount of 
Tritiated Water.
Powdered Sodium Hydroxide.
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A spot radio-TLC is then performed to confirm
that the tritiated carbon—acid is present as the major
tritiated species (silica-gel plates ; solvent system=
EtAc + MeOH (8+2 ^/v)) and the remaining material is then
purified on a preparative scale.
The specific-activity of the tritiated material
is calculated (mCi.mmol ^) and the exact positions of the
tritium label is ascertained by a combination of H and 
1
H-NMR spectroscopy.
The individual experimental details for each compound 
are displayed in Table 1.2;I. .
1.2.3. The Experimental Procedure for Determining the Kinetics 
of Detritiation of [iG,1G-^h ] - Mianserin,
[i0,10-^H] - Organon 3770,and [9,9-^H ] - Organon 
2249,under Highly Basic Conditions.
A preliminary investigation into the detritiation 
of [10,10-^h]- Mianserin under highly .basic conditions 
failed to show a logical,repeatable,pattern.Qualitative 
TLC performed on the stock solution of [10,10-^h ] -mianserin, 
in DMSO,revealed the presence of an active impurity.lt 
was also observed that at tracer levels [l0,1O-^h]-. mianserin 
"sticks" significantly to glass causing widespread 
contamination of the glassware used.These two problems 
were felt to be the cause of the observed erratic detritiation
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r 3 1
of [10,10- HJ - mianserin,and,indeed,when dealt with as 
follows,logical detritiation was observed.
The contamination of the glassware was prevented 
by including a final rinse of methanol when cleaning t(ie 
glassware.The problem of ensuring that the 
[lO,10-^H ] -  mianserin is radiochemically pure when added 
to the reaction media,was dealt with by performing a 
qualitative TLC on the tritiated material prior to its 
detritiation and adding the band of silica gel corresponding 
to [10,10-^h ] - mianserin directly to the reaction medium.
The general procedure,is therefore as follows.
To a solution of DMSO in H2Ü,of the required mole 
fraction calculated to give,on the addition of base,the 
required degree of high basicity (see Table 1.1.l),is added 
the band of silica-gel corresponding to some freshly . 
chromatographed active material.The mixture is then 
exposed to ultrasonic sound to break up the silica gel, 
thus maximising the desorption of the active compound, 
centrifuged,and then decanted off the silica gel sediment 
for use.
A known volume (lOOml) is then thermostatted at 
95*C in an oil-bath and the initial activity of the solution 
(d.p.m. at time zero) is ascertained.A small aliquot 
(0.1 to 0.2ml) of a stock solution of aqueous sodium hydroxide 
(prepared and standardised as described in section 1.2.1.) 
calculated to give the required basicity,is added.The
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subsequent detritiation of the tritiated material,under 
pseudo first-order rate conditions,was then followed 
by the removal,at known time intervals,of aliquots (1ml) 
of the reaction solution•These are quenched by addition 
to a two-phase mixture consisting of a solution of an 
organic scintillant (PPO) in toluene (lOml;8.5g/2.5 litres) 
and water (lOml).The activity (d.p.m.) of an aliquot (5ml) 
of the dried toluene phase is then ascertained by liquid 
/3 - scintillation counting.The sampling is continued until 
the radioactivity of the acid-substrate had fallen by at 
least 80^.
The detritiation is expressed as a plot of log^gd.p.m 
against time and the observed pseudo first-order rate 
constants for the detritiation of the differently 
orientated tritons of the methylene bridge of the azepine 
ring of the compound is calculated,as described in section
1.1.4.These are then optimised,using the computer programme 
KIN2,as described in section 1.1.5.,
V. . The above, is then repeated several times so as to 
obtain mean results for that particular highly basic medium 
and then the whole procedure is repeated for a number of 
highly basic solutions across a range of H_ values.
If necessary the base concentration is adjusted to bring the 
time-scale of the reaction into a suitable range for 
examination.
A plot of log^gk°^^ against H__,the Hammett Acidity 
Function,is then drawn for the detritiation of each
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exchangeable triton.
This procedure was repeated for each compound in 
turn and the results are shown in section 1.3.2.
1.2.4. The Experimental Procedure for the Partial 
Detritiation of [l0,10-^H] - Mianserin,
[10,10- H ] - Organon 3770,and [9,9-^h] - Organon 2249^
under Highly Basic Conditions.
Each compound was partially detritiated and subjected
3
to .H-NMR analysis so as to conclusively ascertain the 
order of reactivity of the two exchangeable tritons,i.e., 
to confirm that the equatorial triton exchanges faster 
than the axial triton.These partial detritiations were 
performed as follows.
A highly active (7 - lOmCi) solution (100ml) of 
the compound to be partially detritiated is prepared as 
described in the previous section,where the chosen 
mole fraction of DMSO in H2O is that which gives a 
reasonable rate of detritiation for a known concentration 
of base.The solution is thermostatted at 95*C in an 
oil-bath and an aliquot of a stock solution of aqueous 
sodium hydroxide,calculated to give the desired basicity, 
is added.The detritiation is allowed to proceed until
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that time where the faster reacting species has almost 
disappeared.The time at which this occurs is determined 
from the previous plots of log^gd.p.m. against time for 
the detritiation of the compound under the chosen conditions 
The reaction is then quenched by pouring the solution onto 
crushed ice and extracting the resulting solution with 
diethylether (3 x 100ml).The bulked ether extracts are 
dried over anhydrous sodium sulphate,filtered,and evaporated 
down to give the crude partially detritiated compound.
This is then purified by preparative TLC (silica- 
gel plates,200 x 200 x 1mm;solvent system=EtAc + MeOH
( 8 + 2  ^/v)),and the pure material is then sent for analysis
3 1by H and H-NMR spectroscopy.
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S e c t i o n  T h r e e .  R e s u l t s .
1.3.1 Tritiation Results.
Substrate Mianserin
1
Organon 2249 Organon 3770
Specif ic
Activity^
/ mCi.m mol
16 0 45 0 37-0
Tablé 1,3.i: T r it ia t ion  Results, 
t
Mean result.
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1 . 3 . 2 .  K i n e t i c  R e s u l t s .
Mole
Fraction of 
DMSO In H^O.
H am m ett 
A cid ity  
Function H 
(tor 0 01M 
NaOH)
[N aO H ] /  
moles litre*
H_ of the 
D M S O -H jO -  
OH Reaction 
M edium.
obs
/ L  * ’
x IO *
. obs
'°B.O ^  
/sec * ’
obs
/s e c
x10®
, obs 
' / s e c - ’
obs obs 
"2
0 . 9 0 0 2 2 . 0 0 0 . 0 1 9 2 2 . 2 8 1 4 8 . 0 0 - 2 . 8 3 6 8 . 0 0 - 4 . 1 7 22  :1
0 . 0 2 0 2 0 . 3 0 1 4 4 . 0 0 - 2 . 6 4 7 & . 0 0 - 4 . 1 3 1 9 : 1
0 . 0 2 4 2 2 . 3 8 1 7 8 . 0 0 - 2 . 7 5 9 0 . 2 0 - 4 . 0 5 2 0 : 1
0 . 8 5 0 21 . 1 0 0 . 0 1  6 21 . 3 0 1 0 1 . 0 0 - 3 . 0 0 9 3 . 6 0 - 4 . 0 2 1 1 : 1
0 . 0 1  4 2 1 . 2 5 9 0 . 0 0 - 3 . 0 5 9 3 . 9 0 - 4 . 0 3 1 0 : 1
0 . 0 1  5 2 1 . 2 8 9 5 . 0 0 - 3 . 0 2 9 7 . 4 0 - 4 . 0 1 1 0 : 1
0 . 8 2 5 2 0 . 8 0 0 . 0 2 0 2 1 . 1 0 8 2 . 0 0 - 3 . 0 9 1 1 7 . 0 0 - 3 . 9 3 7 : 1
0 . 0 1  8 21 . 0 6 7 4 . 0 0 - 3 . 1 3 1 1 5 . 0 0 - 3 . 9 4 6 : 1
0 . 0 1 9 21 . 0 8 7 8 . 0 0 - 3 . 1 1 1 1 6 . 0 0 - 3 . 9 4 7 : 1
0 . 8 0 0 2 0 . 5 0 0 . 0 2 0 2 0 . 8 0 4 8 . 0 0 - 3 . 3 2 1 0 4 . 0 0 - 3 . 9 8 5 : 1
0 . 0 2 0 2 0 . 6 0 4 6 . 0 0 - 3 . 3 2 1 0 7 . 0 0 - 3 . 9 7 5 : 1
0 . 0 1 6 2 0 . 7 0 4 4 . 0 0 - 3 . 3 5 7 2 . 0 0 - 4 . 1 4 6 : 1
0 . 0 2 3 2 0 . 9 0 5 9 . 8 0 - 3 . 3 2 1 0 7 . 0 0 - 3 . 9 7 6 : 1
0 . 0 2 2 2 0 . 8 0 5 7 . 2 0 - 3 . 2 4 9 3 . 0 0 - 4 . 0 3 6 : 1
0 . 0 2 3 2 0 . 9 0 5 9 . 8 0 - 3 . 2 2 9 7 . 0 0 - 4 . 0 1 6 : 1
0 . 7 0 0 1 9 . 5 0 0 . 0 4 0 2 0 . 1 0 1 9 . 3 0 - 3 . 7 1 4 7 . 0 0 - 4 . 3 3 4 : 1
0 . 0 4 6 2 0 . 1  6 2 3 . 1 0 - 3 . 6 4 4 3 . 7 0 - 4 . 3 6 5 : 1
0 . 0 4 0 2 0 . 1 0 2 0 . 7 0 - 3 . 6 8 4 6 . 0 0 - 4 . 3 4 5 : 1
0 . 0 4 4 2 0 . 1 4 21 . 6 0 - 3 . 6 6 4 4 . 9 0 - 4 . 3 5 5 : 1
0 . 6 0 0 1 8 . 5 0 0 . 0 6 1 1 9 . 3 0 4 . 8 0 - 4 . 3 2 8 . 9 0 - 5 . 0 5 5 : 1
0 . 0 6 0 1 9 . 2 6 5 . 1 0 - 4 . 2 9 8 . 9 0 - 5 . 0 5 6 : 1
0 . 5 0 0 1 7 . 5 0 0 . 0 4 0 1 8 . 1 0 0 . 2 0 - 5 . 6 9 0 . 5 3 - 6 . 2 7 4 : 1
0 . 0 4 0 1 8 . 1 0 0 . 2 3 - 5 . 6 4 0 . 5 2 - 6 . 2 8 4 : 1
Kinetic Data for the Detritiation of [10,10-H ] -  Mianserin in a series of 
Highly Basic D M S O -  H O -  OH Solutions.at 95°C
+ = Dolman & S tew art  ; Can. J. Chem.45.911,1967 (anilines and diphenyla mine type 
ind ica tor s ).
Table 1.3.5
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Equatorial Triton , under Pseudo F irst-O rder Rate Conditions, of
[10,10- H ] -  Mianserin in Highly Basic Media
- 3  0-
oo
-4  0-
obs
Gradient = 0-97
- 6 -0-
H_
22-021-018-0 19-0 20-017-016-0
Figure 1.3.7.
* = DMSO-HgO - OH 88
A Correlation ot agamsi n_ lui m e  wew
CIO Axial T r i to n , under Pseudo First -O rder Rate Conditions, of 
[10 ,10 -H ]-M ian ser in  in Highly Basic Media at 9 5  C.
obs
sec
Gradient =0 -94
H_
21 -0 22 "020-0170 19 016 0 18 0
*  = D M S O - H j O - O H 89
Figure 1.3.8.
Time
/  mins
*  obsA
*  /  - 3  /  dpm x10
A
/d p m
0.0 245.0 5.39
10.0 215.0 5.33
20.0 203.0 5.31
30.0 170.0 5.23
40.0 156.0 5.19
50.0 138.0 5.14
60.0 130.0 5.11
70.0 113.JD 5.05
80.0 103.0 5.01
92.0 95.4 4.98
105.0 87.9 4.94
120.0 77.2 4.89
137.0 72.2 4.86
150.0 65.8 4.82
165.0 64.8 4.81
180.0 59.4 4.77
240.0 45.7 4.66
Table 1.3.6.
An Example of a Typical K inetic  Run for the D e tr i t ia t io n  of 
[ 1 0 , 1 0 Mi an serin in a 0.*80 Mole Fraction Solution of DMSO  
in H^O for a [N aO H ] of 0 016 moles.litre (H _ =  2 0 *7 0 )  at 95*0T0*l‘’c.
-  The observed radioactivity of the tritiated acid substrate at time t .
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Mote 
F ra c tio n  
of D M S O  
in H jO
H am m et
Acidity
Function H_
(fo r  0-01 M 
N aO H)
[N a O H ] /  
m oiea litr'e
H _ of ttie
D M S O -H jO
-"OH
Reaction
Medium
obs
X 10^
obs
/ sec
obs
/ L c '
X 10®
obs 
/  aec  *’
obs obs
kf :kg
0 . 9 0 0 2 2 . 0 0 0 . 0 1 0 2 2 . 0 0 1 3 0 . 0 0 - 2 . 8 9 5 3 . 0 0 - 4 . 2 8 25  ;1
0.0,1 0 2 2 . 0 0 1 1 5 . 6 0 - 2 . 9 4 5 2 . 3 0 - 4 . 2 8 22  :1
0 . 0 1 1 2 2 . 0 0 1 3 8 . 0 0 - 2 . 8 6 6 0 . 5 0 - 4 . 2 2 2 3 : 1
0 . 8 5 0 21 . 1 0 0 . 0 1 0 21 . 1 0 1 0 4 . 0 0 - 2 . 9 8 41 . 7 0 - 4 . 3 8 2 3 : 1
0 . 0 1 0 21 . 1 0 9 7 . 0 0 - 3 . 0 1 4 3 . 0 0 - 4 . 3 7 2 5 : 1
0 . 8 0 0  , 2 0 . 5 0 0 . 0 1 0 2 0 . 5 0 1 0 4 . 0 0 - 2 . 9 8 51 . 2 0 - 4 . 2 9 2 0 : 1
0 . 0 1 0 2 0 . 5 0 1 0 9 . 0 0 - 2 . 9 6 5 4 . 4 0 - 4 . 2 6 2 0 : 1
0 . 0 1 1 2 0 . 5 4 111 . 0 0 - 2 . 9 5 6 5 . 4 0 - 4 . 1 8 1 7 : 1
0 . 7 0 0 1 9 . 5 0 0 . 0 1 0 1 9 . 5 0 4 4 . 0 0 - 3 . 3 6 51 . 7 0 - 4 . 2 9 9 : 1
0 . 0 1 0 1 9 . 5 0 4 4 . 0 0 - 3 . 3 6 4 8 . 5 0 - 4 . 3 1 9 : 1
0 . 0 1  2 1 9 . 6 0 5 0 . 4 0 - 3 . 3 0 5 3 . 3 0 - 4 . 2 7 9 : 1
0 . 50 0 1 8 . 5 0 0 . 0 2 0 1 8 . 8 0 3 4 . 0 0 - 3 . 4 6 7 2 . 6 0 - 4 . 1 4 5 : 1
0 . 0 2 0 1 8 . 8 0 3 6 . 0 0 - 3 . 4 4 7 0 . 5 0 - 4 . 1 5 5 : 1
0 . 0 2 0 1 8 . 8 0 4 0 . 4 0 - 3 . 3 9 6 8 . 4 0 - 4 . 1 7 6 : 1
0 . 5 0 0 1 7 . 5 0 0 . 0 4 0 1 8 . 1 0 2 7 . 0 0 - 3 . 5 7 3 6 . 8 0 - 4 . 4 3 7 : 1
0 . 0 4 0 1 8 . 1 0 2 6 . 2 0 - 3 . 5 8 3 8 . 4 0 - 4 . 4 2 7 : 1
0 . 0 4 1 1 8 . 1 1 2 7 . 8 0 - 3 . 5 6 3 7 . 7 0 - 4 . 4 2 7 : 1
0 . 4 0 0 1 6 . 5 0 0 . 0 4 0 1 7 . 1 0 2 4 . 8 0 — 4 .  61 6 . 8 0 - 5 . 1 7 4 : 1
0 . 0 4 0 1 7 . 1 0 2 5 . 2 0 - 4 .  60 6 . 8 0 - 5 . 1 7 4 : 1
0 . 0 4 0 1 7 . 1 0 2 4 . 8 0 - 4 . 6 1 6 . 8 0 - 5 . 1 7 4 : 1
0 . 3 0 0 1 5 . 5 5 0 . 0 6 0 1 6 . 3 3 1 0 . 8 0 - 4 . 9 7 2 . 7 9 - 5 . 5 5 4 : 1
0 . 0 5 8 1 6 . 3 1 1 0 . 1 0 - 5 . 0 0 2 . 5 8 - 5 . 5 9 4 : 1
Kinetic Data for the Detritiation of [10 ,10-H ]-O rg a n o n -3770 in a series of 
Highly Basic DMSO -  H^O -  OH Solutions .at 95 C .
4- = Dolman & Stewart ; Can . J. Chem.45,911,1967 (anilines and diphenylamine type 
indicators).
Table 1.3.7.
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Time y
/  mins
< .
/  dpm X 10
A O b s
/  dpm
0.0 2884.0 6.46
30.0 2001.0 6.30
60.0 1453.0 6.16
90.0 1059.0 6.03
120.0 896.0 5.95
150.0 728.0 5.86
180.0 642.0 5.81
210.0 580.0 5.76
240.0 528.0 5.72
270.0 484.0 5.69
300.0 429.0 5.63
330.0 371.0 5.57
360.0 344.0 5.54
420.0 279.0 5.45
Table 1.3.8.
An Example of a Typical Kinetic Run for the D e tr i t ia t io n  of 
[ 1 0 , 1 0 Or ganon - 3 7 7 0  in a 0 *6 0  Mole Fraction Solution  
of DMSO in H ,0  for a [N a O H ]  of 0 - 0 2 0  moles.litre"^ (H _ = 1 8 -8 0 )
at. 95  0 + 0-1 C.
obs
= The observed radioactivity ot the tritiated acid substrate at time t .
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M ole
Fraction  ot 
DMSO in 
H ,0
Hammet
Acidity
Function H_
(for 0 0 1  M 
NaOH)
[ N a O H ] /  
moles litre '
H_ of tfie
DMSO-H^O
-O H
Reaction
Medium
. obs 
xio'^
/  s e c * '
, obs 
• x IO
■/  sec '
obs obs 
1 ' 2
0 . 9 0 0 2 2 . 0 0 0 . 0 1 0 2 2 . 0 0 . 6 3 5 . 0 0 - 2 . 2 0 6 5 . 3 0 - 3 . 1 9 1 0 : 1
0 . 0 1 0 2 2 . 0 0 661 . 00 - 2 . 1 8 6 4 . 8 0 - 3 . 1 9 1 0 : 1
0 . 0 1 0 2 2 . 0 0 5 5 4 . 0 0 - 2 . 2 6 6 4 . 5 0 - 3 . 1 9 8: 1
0 . 8 0 0 2 0 . 5 0 0 . 0 1 0 2 0 . 5 0 3 1 5 . 0 0 - 2 . 5 0 6 0 . 0 0 - 3 . 2 2 5 : 1
0 . 0 1 0 2 0 . 5 0 3 2 5 . 0 0 - 2 . 4 9 61 . 0 0 - 3 . 2 2 5: 1
0 . 0 1 0 2 0 . 5 0 3 2 9 . 0 0 - 2 . 4 8 6 0 . 0 0 - 3 . 2 2 5 : 1
0 . 7 0 0 1 9 . 5 0 0 . 0 2 0 1 9 . 8 0 3 1 6 . 0 0 - 2 . 5 0 7 8 . 0 0 - 3 . 1 1 4 :1
0 . 0 2 0 1 9 . 8 0 3 0 0 . 0 0 - 2 . 5 2 7 8 . 0 0 - 3 . 1 1 4 : 1
0 . 0 2 2 1 9 . 8 0 3 2 8 . 0 0 - 2 . 4 8 7 8 . 0 0 - 3 . 1 1 5 : 1
0 . 6 0 0 1 8 . 5 0 0 . 0 2 0 1 8 . 8 0 1 3 0 . 0 0 - 2 . 8 9 4 0 . 0 0 - 3 . 4 0 5 : 1
0 . 0 2 6 1 8 . 9 0 1 4 6 . 0 0 - 2 . 8 4 3 9 . 0 0 - 3 . 4 1 4: 1
0 . 0 2 6 1 8 . 9 0 1 5 0 . 8 0 - 2 . 8 2 3 9 . 0 0 - 3 . 4 1 4: 1
0 . 5 0 0 1 7 . 5 0 0 . 0 1  8 1 7 . 8 0 8 . 4 6 - 4 . 0 7 1 . 3 9 - 4 . 8 6 6 : 1
0 . 0 2 0 1 7 . 8 0 6 . 8 0 - 4 . 1 7 1 . 6 0 - 4 . 8 0 4 : 1
0 . 0 1 9 1 7 . 8 0 8 . 9 3 - 4 . 0 5 1 . 5 0 - 4 . 8 2 6:1
0 . 4 0 0 1 6 . 5 0 0 . 0 4 0 1 7 . 1 0 2 . 0 0 - 4 . 7 0 0 . 4 4 - 5 . 3 6 4: 1
0 . 0 4 2 1 7 . 1 0 2 . 2 7 - 4 . 64 0 . 4 6 - 5 . 3 4 5 : 1
0 . 0 4 1 1 7 . 1 0 1 . 97 - 4 . 7 1 0 . 4 5 - 5 . 3 5 4: 1
0 . 3 0 0 1 5 . 5 5 0 . 0 6 4 1 6 . 3 5 0 . 6 1 - 5 . 2 1 0 . 1 5 - 5 . 8 2 4: 1
0 . 0 6 3 1 6 . 3 5 0 . 6 4 - 5 . 1 9 0 . 1 5 - 5  . 82 4 :1
0 . 0 6 1 1 6 . 3 3 0 . 5 9 - 5 . 2 3 0 . 1 6 - 5 . 8 1 4 : 1
Kinet ic  Data for the Detritiation of [ 9 , 9 - ^ H ] - O r g a n o n -  2249  in a series of 
Highly Basic D M S O - H j O - O H  Solutions at 95 C.
+ = Dolman & Stewart  ; Can.J.Chem.^ ,911 ,196 7  ( anilines and diphenylamine type
• Î r» f*  f  r e  \
Table 1.3.9.
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Time
. /  mins /  dpm X 10
A  obs 
/  dpm
0.0 663.0 5.82
2.0 550.0 5.74
4.0 447.0 5.65
6.0 372.0 5.57
8.0 31 6.0 5.50
10.0 269.0 5.43
12.0 229.0 5.36
14.0 200.0 5.30
15.0 1 74.0 5.24
18.0 155.0 5.19
20.0 138.0 5.14
25.0 110.0 5.04
30.0 89.0 4.95
35.0 69.0 4.84
40.0 58.0 4.76
45.0 47.0 4.67
50.0 36.0 4.56
55.0 29.0 4.46
60.0 25.0 4.40
Table 1.3.10.
An Example of a Typical Kinetic Run for the Detrit ia tion  
of [9 ,9 -^ H ]-O rg an o n  -  2249 in a 0  70  Mole Fraction Solution  
of DMSG in H.G for [N aG H ] of 0 -0 2 0  moles.litrê’ (H_ = 1 9 -8 0 )
obs
at 95  0  +0-1 C
~ The observed radioactivity of the tritiated acid substrate at time t .
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S e c t i o n  F o u r .  D i s c u s s i o n .
As uas explained in the introduction,the objective 
of this study is to use tritium as a hydrogen-tracer to:
(a) quantify the rates of base-catalysed ionisation 
(i.e.,detritiation) of the Cl0 diastereotropic hydrogens 
of mianserin,and therefore determine the stereoselectivity 
exhibited by these hydrogens,under highly basic conditions 
(DMS0-H20-~0H),
(b) investigate hou alterations made to the molecular 
structure of mianserin affects this stereoselectivity (by 
observing the behaviour of two structurally similar 
compounds,denoted as Organon 2249 and Organon 3770,under 
identical basic conditions),
and (c) to correlate the observed pseudo first-order rates 
of base-catalysed detritiation with the basicity of the 
reaction medium,denoted by the Hammett Acidity Function H_, 
and thus infer the nature of the transition-state structure, 
i.e..
. ki r 1-
RH + B = = ^   ► R + HB
The kinetic results for the base-catalysed pseudo 
first-order detritiation of [j 0 ,1 0-^h]-mianserin, Table 1.3.5 ,
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show that the exhibited stereoselectivity remains virtually 
unchanged across a range of highly basic media (DMSO-HgO- OH) 
at 95*0,where the Hammett Acidity Function H__ varies from 
18,70 to 20,80.The observed stereoselectivity is 5:1 in
3
this region and the H-NMR spectrum of the partially 
detritiated [10,10-^h|-mianserin (see Figure 1.3.18) reveals 
that this base-catalysed detritiation occurs preferentially 
for the CIO equatorial triton.
These results are consistent with the observations 
of Favier et al^*^ for the deuteration of mianserin at the 
CIO position.The reaction was followed by NMR and subsequent 
spectroscopic measurements revealed that the deuteration of 
mianserin appeared to proceed at a rate 5:1 in favour of the 
equatorial CIO hydrogen.
This stereoselectivity was attributed to the orientation 
of the axial CIO hydrogen towards the electron lone-pair 
of the N5 atom,where this was due to the twisting of the 
methylene bridge of the azepine ring which brings both the 
CIO hydrogens to the same site of the aromatic plane of the 
molecule.The lone-pair of the N5 atom therefore shields the 
axial CIO hydrogen from base-catalysed ionisation in that 
it hinders the approach of the negatively charged hydroxyl 
ion thus making the abstraction of this hydrogen less 
favourable than for the equatorial CIO hydrogen.Base-catalysed 
ionisation therefore occurs preferentially for the equatorial 
C10 hydrogen since the approach of the hydroxyl ion is 
unhindered in this case.
11.0
If this "shielding” is responsible for the observed 
stereoselectivity,then it would be expected that the 
stereoselectivity exhibited by the Cl0 and C9 hydrogens of 
Organon 3770 and Organon 2249 towards base-catalysed 
ionisation should not be too disimilar to that shown by the 
Cl 0 hydrogens of mianserin.This is because the stereochemistry 
of the azepine ring remains virtually unaltered in these 
two compounds.
,14b
12
I j  _ _ _  The ste reochemica l  relat ionship between the and the N 5 (4^ ione-pai r
is reiatively unchanged .
The kinetic data for the base-catalysed detritiation 
of [l 0,1 0-^h]-Organon 3770 and [9 , 9-^h ]-Organon 2249,see 
tables 1.3.7-8^ confirms this in that the observed 
stereoselectivity for Organon 3770 is 5:1 (for an H__ range 
of 16.3 to 18.8) and 4.5:1 (for an range of 16.3 to 20.5)
3
for Organon 2249.The H-NMR spectra of the partially 
detritiated compounds , figures 1.3,20 «1.3.22, also confirm that 
the base-catalysed detritiation still occurs preferentially 
for the equatorial tritons.
I l l
Their relative rates of reaction,see table 1.4.1., 
however,do differ where the observed order of reactivity is:
ORGANON 2249 > .  ORGANON 3 7 7 0  >  M IANSERIN
/ s e c \ l O ®  1 5 0 * 8
Compound
Ecr
H /sec^xlO '  
2 A
H
Org 2249
3 9 *0
18*9
Org 3770  
4 4 0  
5*2  
19*5
Mianserin  
4 *8  
0 *9  
19 3
Table 1.4.1,
These differences are felt to be attributable to the 
relative stabilities of the carbanion intermediates,where 
this is dependent on the degree to which the carbanion 
intermediates are stabilised by conjugation with the aromatic 
"A" ring,Hence for mianserin this aromatic conjugation can 
be represented by the resonance structures:
\
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The N5 lone-pair plays a negligible part due to 
poor conjugation with the aromatic A ring where this is 
because :
(a) the piperazine ring is chair-formed and
3 2therefore the N5 is sp rather than sp
hybridised,
and (b) the puckered conformation of the dihydro-
azepine ring deflects the N5 lone-pair from 
an orientation parallel to the aromatic 
Tr -orbitals.
The corresponding reaction intermediate for
Drganon-3770 is relatively more stable,due to the inclusion
of a nitrogen atom in the aromatic A ring,The intermediate
is stabilised by the electron-withdrawing property of 
2
the sp hybridised nitrogen, '
♦
N =
\ \
\
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The rates of base-catalysed detritiation of the 
Cl 0 tritons in [lG,10-^Hj -Organon-3770 are therefore 
greater (by a factor of c.a, 10.0 for a standard value of 
H__ in the range 16.3 to 18.8),than those for 
[^ IOjIO-p H] -nianserin.lt is speculated that the stability, 
and therefore the rate of reaction,could be increased by 
moving the.nitrogen to the 7-position.The negative charge 
could then be accommodated totally by the (\17 in an 
analogous manner to that for the nucleophilic substitution 
of the 4-position of pyridine.
The greatest reactivity uas shown by Organon-2249 
where this is speculated to be due to the almost complete 
conjugation of the N5 lone-pair with the aromatic A ring 
TT-orbitals.This is due to the stereochemistry of the 
five-membered ring and the effect this has on the geometry 
of the B-D ring junction.The N4 atom is essentially planar 
thus improving the conjugation of the lone-pair with the 
aromatic A ring ,i.e., the H13b is cie to the axial C9 
hydrogen.Although this means that the interaction between 
the lone-pair and the axial C9 hydrogen is lessened it 
is still sufficient,as shown by the kinetic data,to 
shield the C9 axial hydrogen (or triton) from base-attack 
by interfering with the approaching hydroxyl ion to a 
similar degree to that in mianserin.
The stability conferred on the respective reaction 
intermediate by the delocalisation of the negative charge 
is,however,slight since protonation of the carbanion
114
intermediate is extremely fast,i.e.,they neither 
equilibrate nor take up a planar conformation.This is
3
supported by the H-NMR spectra of the partially detritiated
compounds,which show that equilibration of the CIO triton
signals does not occur.
In section 1.1.2. it was described how correlations
of log^gk°^® against can be considered to be analogous
22to Bronsted -plots where the magnitude of the slope 
of such a plot can be used to infer the nature of the 
transition-state^^*^^.Hence a plot of log^gk°^® against 
H__ for a reaction can be used to infer the nature of the 
transition-state provided that;
(a) the reaction mechanism is unambiguous,
(b) the reaction should be studied over a wide 
range of highly basic solutions,
and:(c) .the study should be performed in media where 
ion-association is preferably absent or,if 
present ,can be estimated.
These conditions are satisfied in this study and, 
as expected,a plot of log^gk°^® against H_ for an average 
H range of 16.3 — 20.5 leads to a linear plot for each 
compound studied,i.e., in accordance with Eqn.1J.10of 
section 1.1.2.
116
' ° 9 io ‘‘ = *  '09,0 =H,0 + 0
Consequently,as for a Bronsted /) -plot where 
increasing values of the -coefficient suggest an 
increasing resemblance between the transition-state and 
the reaction products,a near unit slope for log^pk°^^ 
against plot suggests a product-like transition-state. 
Hence the near unit slopes for the base-catalysed 
detritiation (under pseudo first-order rate conditions) of 
the Cl 0 axial and equatorial tritons of [l0,10-^H ] - 
mianserin (the slopes are 0.97 and 0.94 respectively),for 
an H__ range of 17.0 - 20.50,indicates that the bond-making 
between the hydroxyl-ion and the triton is almost complete 
This is therefore an example of a "late transition-stateV.
J s '
B mill T i ii l i iÇH
s*
denotes the  rest  of the 
mianser in  molecule.
This is consistent with the large difference in 
base-strength between the hydroxyl-ion (whose aqueous 
basicity is considerably enhanced by the desolvation effect 
of the DMSO molecules) and mianserin which suggests that 
the triton or proton will be preferentially bonded to the
116
hydroxyl ion in the transition-state.
The magnitude of the slopes of the log^pk°^® against 
H__ plots for the base-catalysed pseudo first-order 
detritiation of the C9 tritons of [9,9-^h ] -Organon 2249 
also approach unity,0.91 and 0.90 for the equatorial and 
axial 09 tritons respectively.Hence the base-catalysed 
detritiation of [9,9-^h] -Organon-2249 also proceeds via 
a late transition-state.
The slopes of the log^gk°^^ against H__ plots for the 
base-catalysed pseudo first-order detritiation of 
[10,10-^h J -Organon 3770,for an H__ range of 15.6 -18.5, 
however,suggest a more early transition-state.The emphasis 
is still,however,on the hydroxyl-triton bond being more 
developed than the triton-C9 bond,since the slopes of the 
log^gk°^^ against H_ plots for the detritiation of the 
equatorial and axial 09 tritons are 0.67 and 0.60 
respectively.
s" s~
B H U I T  l l l i l lÇ H
s*
f
The BT bond is sl ight ly more deve loped  than the C(9) *T bond.
These observations only apply over an H__ range of 
approximately 16.0 - 19.0,beyond which the plots become 
increasingly less linear until their slopes are almost 
zero or in some cases (i.e., [l0,10-^H ] -mianserin) negative.
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This departure From linearity and almost unit slopes is 
also marked by a rapid change in the observed
stereosèlectivity where the preference for the base-catalysed 
detritiation of the equatorial triton is considerably 
enhanced•
Compound Mianserin Organon 3770  Organon 22 49
Degree  of High
Basici ty H 21*3 22 O 22 O
= "^ AX 25:1 10:1
Evidently this drastic departure from normal 
behaviour implies that the reaction mechanism can no longer 
be thought of as being one of simple base-catalysed isotopic 
exchange•Hence the reaction mechanism is ambiguous in this 
region of extremely high basicity and so it is no longer 
correct to correlate the slope of the log^gk°^^ against H__ 
plot with transition-state structure.
A possible explanation for this anomalous behaviour 
is that the solvent in this case,namely DMSO,is no longer 
a non-participant in the reaction,but performs some function, 
in whatever reaction mechanism is prevalent,in the 
detritiation of these compounds.Some research has already 
been carried out in an effort to unravel this change in
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mechanism.
Dedeuteration NMR studies have recently been performed
53on Organon-2249 by F. Kaspersen of Organon International 
and although the spectral interpretations are still tentative 
at this time,it would appear that the major process is the 
oxidation of the azepine ring methylene bridge -CHg to 
CHOH.Presumably the DMSO is acting as an oxidant,This is 
feasible since the behaviour of DMSO as an oxidant is well 
documented in the literature^^.
Alcohols,for instance,in the presence of a non-acidic 
dehydrating agent (such as bicyclohexylcarbodimide) are 
oxidised by DMSO to give high yields of aldehydes or ketones.
RCHgOH + CH3SOCH3+ CgH^^NCNCgH,,
•> RCHO + CH3SCH3 + CgHiiNHCONHCgHii
This tentative explanation,however,has yet to be 
confirmed and this area of research therefore offers plenty 
of scope for future study.
The replacement of DMSO by another aprotic solvent, 
for instance,should ensure that the observed deviations 
from linearity for the plots of log^gk°^® against H_, 
when H_ is greater than 20.50,are absent.Presupposing that 
the hypothesis that DMSO is acting as an oxidant (in 
DMSO-HgO-'OH,where H_ 20.50,at 95*C) is correct.
The effect of different aprotic solvents on the 
mechanism of base-catalysed ionisation,isotopic exchange.
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of mianserin,and other structurally similar compounds, 
should provide a very interesting extension to this present 
study,
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C h a p t e r  Two; The B a s e - c a t a l y s e d  I o n i s a t i o n  o f  a S e r i e s
Methylcycloalkylketones :- An Investigation 
into how their Rates of Base-Catalysed 
Detritiation is Dependent on their Molecular 
Structure.
Section One. "Introduction".
2 .1 .1 .
This chapter is concerned with an investigation 
into the effect of ring-size on the rates of the 
base-catalysed ionisation of a group of compounds known as 
methylcycloalkylketones.
n = 2 3,4,5.
The base-catalysed ionisation of these compounds 
belongs to a body of reactions known collectively as 
the énolisation and ionisation of carbonyl compounds.The 
first observation of such a reaction was made nearly forty 
years ago when the hydrogen atoms of acetone were observed 
to undergo exchange with deuterium (under basic or acidic 
conditions) in the form of "heavy-water"^"^ (D20).The 
usefulness of this type of reaction in the study of
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reaction mechanisms was quickly realised and the investigation 
of the énolisation and ionisation of carbonyl compounds 
has become one of the classic chapters of physical 
organic chemistry.lt therefore seems pertinent to briefly 
discuss the énolisation and ionisation of carbonyl 
compounds before reviewing the research that has been 
conducted on the énolisation and ionisation of 
methylcycloalkylketones,with which this chapter is concerned.
The énolisation of ketones is a rection that is 
both general acid and general base catalysed.In both cases 
the rate-determining step is'the same where the hydrogen 
atom bonded to a carbon atom alpha to a carbonyl group 
is removed by base.The difference stems from the fact 
that in acid-catalysis the alpha - hydrogen is removed from 
the conjugate acid of the ketone whereas in base-catalysis 
it is removed directly from the ketone to give the enolate 
or carbanion ion.
(a )  Acid Catalysis
CHg— C— CHg + HA
o(„).
CH — C  CH3 + A
OH
CH 3— C =  CH2  + HA
( b )  Base Catalysis
CH 3— C — CH 3  + B CH3-— c;=ch3
O
11
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Acid-catalysed reactions are therefore third-order 
and base-catalysed reactions are second-order.Hence,if 
H A a n d  Bj are the general acid and base present in the 
reaction medium,then the respective rate-laws are;
Ca) Acid C ata lys is
V = I  Ketbnej
(b )  Base Cata lys is
V = ^Ketone
A base is therefore necessary in a strongly acidic 
medium,as demonstrated by Swain and Rosenberg^,though 
the reverse is not true in strongly basic media.The timing 
of the proton-transfer during the acid-catalysed reaction 
was shown by Swain et al^'^ not to be concerted with the 
removal of an alpha - hydrogen,but takes place during a 
rapid pre-equilibrium step,leading to the formation of 
the conjugate acid of the ketone as the true intermediate. 
The third-order rate law is thus the result,of two
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binioJecular reactions.
OH^
I _K  ^ _ I II \
C  C + H A . ; =  B. + H —  c — C ----------- ► HA. + C ==i C
I • j I I slow ' y /
In basE-catalysed ionisation the presence of an acid 
is not required and stable carbanions,or enolates,can be 
generated with "OH/H^OyCH^O /CH^GH,acetate buffers in water 
or alcoholic solvents.The question arises as to whether 
the enolate will be stable under the experimental conditions 
or will it capture a proton from the solvent to give the 
enol?
This will depend on the position of the equilibrium 
shown below,where this is in turn a function of the 
respective strengths of the enolate and of the solvent 
conjugate base.
\  /  _ \  /  
soH + c =  c so + c — c
/  /  ^ O H
Fortunately,through the development of relaxation 
7 Smethods * ,it has become possible to measure accurately 
the acidity of enols,namely the equilibrium constant for 
the reaction;
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\ / __ \ /
C =  C + H O  C =  C + H O
/  \ 0 H /  V
It was thus shown that a pKa of 10 was the minimum 
value for the enol of a saturated ketone.When the pH of 
the medium < 9 then the enol will remain as the 
undissociated acid and at pH >11 it will be completely 
dissociated,i.e.,as the enolate.These limits will,of course, 
vary from one compound to another.Hence when the p H < 9  
the ketone must pick up a proton from the reaction medium 
(solvent or any undissociated acid) at the same time as 
the base removes an alpha - hydrogen.The reaction therefore 
requires an acid,in addition to base,and is therefore 
third-order.
It has been argued that these reactions should be 
classified in terms of the reaction-order,which is a 
function of the ketone pKa,rather than in terms of whether 
they are base or acid catalysed since this type of 
classification can be misleading.This can be illustrated 
by considering the base-catalysed ionisation of a ketone 
in pure acetic acid in the presence of the acetate ion as 
base.It is possible to descibe the reaction in the following 
way.
As is shown in figure (a) the acetic acid does not 
protonate the ketone;they form a "ketone-acid complex" in
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which the proton is bound to AcO by a covalent bond and 
to the carbonyl oxygen by a hydrogen-bond.In the final 
state,figure (c),the basicity of the carbonyl oxygen has 
become much greater than that of the acetate ion.The 
relative order of the free-energies has been changed and 
the proton is now bound by a covalent bond to the enol 
and by a hydrogen bond to the acetate ion.
pkg: -5 pkg : pk^H
H — A
—  C— H
E
CzO
H -A
(a)
C—0
E
(b )
OH
(c )
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The intermediate situation is shown in figure (b) where, 
because of the well-advanced transfer of the alpha -hydrogen, 
the carbonyl oxygen has a pKa equal to that of the acetate 
ion.The two bases are now at the same energy level and 
the proton is equally shared between them.Proton transfer 
from the solvent (or acid HA) to the oxygen of the ketone 
will take place when the carbonyl has become as basic as 
the conjugate base of the solvent.In acetate buffers the 
proton jump will occur when the pKa of the carbonyl oxygen 
is between 4-6,This transition range is evidently dependent 
upon the nature of the ketone and above all upon the acid 
HA present in the solution.If HA is water or an alcohol 
whose pKa is high,then the enolate bed^g a weaker base than 
OH or RG will not be protonated,hence acid is not 
necessary to effect the énolisation and the reaction is 
second-order.
In other words if x represents the pKa of the enol 
and the reaction is performed in a medium of pH^x-1,the 
product is an enol,acid and base are indispensable,and the 
rate-law is third-order.If the pH >x+1 then the product 
is an enolate ion and the rate-law is second-order. 
Intermediate situations occur when the pH is between x+1 
and x-1,where for standard ketones in water this occurs
9
around pH 9-11.Hence,because of this,Lamaty referred to 
third-order reactions as being a type 1 mechanism and a 
second-order reaction as being a type 2 mechanism.
In this way the énolisation reactions performed in
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either acetic acid or water in the presence of an AcO”/AcOH 
buffer clearly belong to type 1,although they have been 
classified amongst base-catalysed reactions which would 
infer a type 2 mechanism.However,in most cases "base- 
catalysed" does indicate that a second-order mechanism is 
operating.
For base-catalysed ionisation two conformations
of the carbonyl group and of the oc C-H bond have been
proposed as being the most favourable for the approach of
base and the subsequent removal of the alpha-hydrogen.
10
Corey and Sneen have proposed a "stereochemical" 
approach for énolisation.This requires that the C-H bond 
must be perpendicular to the direction of the C=0 bond 
(see (a) below),in order to permit a stabilising 
delocalisation of the (T-electrons of the C-H bond towards 
the TT-orbitals of the carbonyl.This model is generally
11
accepted and is supported by calculations performed by Tee
based on the principle of "least motion".
An alternative conformation to this has been proposed 
1 2by Feather and Gold .They considered a trans co-planar
arrangement,a conformation that ensures minimal steric
interactions between the ketone and base.Mo conclusive
argument,however,has been made in favour of either one and
1 3so most researchers (Bordwell and Scamehorn ) conclude 
that the geometry of the transition=state is still open 
to question.
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B=  0
a The configuration predicted  
by the princip le of least 
motion.
BIIIH
b The trans co -p lanar  
ar ra n g e m e n t .
It can be inferred,therefore,from the above,that the 
major site of isotopic exchange for the base-catalysed 
ionisation of methylcycloalkylketones is the methyl group 
alpha to the carbonyl carbon.
+ OH (ÇHjn 9" — C
/o
CT
+ HTO
The methyl CM bonds can readily assume either of the 
above conformations due to rotation about the CO-CH^ bond 
and so isotopic exchange is favoured.Isotopic exchange at 
the ring carbon alpha to the carbonyl should also be possible 
,but in reality,because of the difficulties involved in 
adopting a favourable conformation for the attack by base 
and in the ring accommodating.the changes in its conformation
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necessary for the formation of the reaction intermediate, 
the likelihood of such exchange occurring is greatly 
reduced.
The majority of research performed on these compounds 
was,therefore,concerned with evaluating the ease of formation 
of an exocyclic double-bond as a function of ring-size.
(C H J n  CT — C
\
+ " 0 H (CH)n
CH, ,  _
+ HTO
Only small (n=2 and 3) and medium (n=4 and 5) sized
rings have been examined where R is either a methyl or
phenyl group.The principal results in the literature are
summarised in Table 2,1.1 (the rates of ionisation are relative
to those of methylcyclohexylketone).
It can be seen that the relative rates of énolisation
in an acidic medium,for cyclopentyl and cyclohexyl ketones
were found to be identical by three groups of researchers.
The greater reactivity of the cyclopentane ring,by a factor
of approximately 15.0,is essentially due to steric effects
and is in agreement with the results obtained for other 
20-26
reactions' which indicate that the passage of the ring
3 2carbon from a sp to an sp hybridisation in the 
transition state is much easier than in a six-membered ring. 
A similar decrease in the torsional interactions explains 
the high reactivity of the cyclobutyl ketones.
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Table 2.1.1.
1714 19 1614Reference
Substrate OHOH
2000 25 0 02CH — C
1-801 7 07-00
1 5 01 3 00 306 014 0 0CH — C
100100CH — C
Relative Deuterium Exchange Rates of Phenyl and Methyl 
Cycle alky I ketones.
(a) R = Phenyl : HCI in 90%  A c O H . Temp : 4 0  C .
(b) R = Phenyl ; NEtg in DMF/OgO (e f fe c t iv e  cata lyst :*OD).Temp : 40 ’C.
(c) R : Methyl ; *0D in 5 / 8  D jO /D io x a n .T e m p  : 47-5 C .
(d) R :  Methyl : DBr in CDgOD.Temp. unknow/n.
(e )  R = Phenyl ; HCI in aqueous AcOH. Temp : 27 C. 
f t ;  See text.
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The almost complete suppression of these torsional
interactions compensates for the angular tension which is
2
due to the introduction of an sp hybridised carbon into 
the ring.
The fact that the cyclobutane ring is in reality
slightly puckered and not planar does not alter this argument
which is only qualitative in nature.
For base-catalysed exchange the situation is in
complete contrast to that for acid-catalysed exchange with
different researchers in total discord with each other.
14 19
According to Dessy * the cyclopentane ring is six times
1 5more reactive than the cyclohexane ring,whilst Rappe found 
that it is three times less.The relative reactivities of 
the cyclobutane and cyclopentane rings give rise to the same 
disagreement and are thought to be due to the imprecise 
experimental methods used.The decrease of the torsional 
interactions as described above must also play a role here, 
although the carbanionic nature of the transition state can 
modify their importance.
Many studies have also been performed with the aim 
of determining the regioselectivity of base-catalysed 
halogénation.Orientations different from those observed in 
deuteriation has been reported and ascribed to a mechanism 
without intermediate formation of the enol or enolate.
27
This dilemma was apparently solved by Swain and Dunlap 
who observed the same regioselectivity for "OH induced 
deuteriation and bromination of butan-2-one and attributed
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the previous results to the misessignment of polyhalogenated 
products to the two competing pathways.
The aim of this work was to try and help clarify the
situation in regards to the base-catalysed isotopic exchange
of methylcycloalkylketones.To this end tritium was used as
a hydrogen-tracer to observe this reaction.Hence a series
of methylcycloalkylketones (n=2 to 5) were tritiated by
base-catalysed isotopic exchange and the specific locations
3 1of the label was ascertained using H and H NMR spectroscopy.
Methylcyclobutylketone and methylcyclopentylketone 
were observed to label in two positions,at the ct-methyl 
and at the ot-ring carbon,and so radio-gas chromatography 
was used to confirm that they were,in fact,radiochemically 
pure and that the extra tritium response,corresponding to 
the tritium at the -ring carbon,was not due to a highly 
active trace impurity.
Their kinetics of detritiation,under pseudo first-order 
rate conditions,were then evaluated in an aqueous alkaline 
medium using the appropiate tracer techniques.
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2,1,2. Radio-Gas Chromatography,
As will be seen later methylcyclobutylketone and
methylcyclopentylketone tritiated extensively not only at
the methyl,but also at the ring carbon oc to the carbonyl,
1 3This was clearly shown by the H and H NMR spectra of 
these two compounds;it was felt,however,that these results 
should be confirmed by a second analytical technique. 
Consequently each compound was analysed by radio-gas 
chromatography in order to confirm that the second tritium
3
response observed in the H NMR spectra was due to tritium 
resident at the ol ring carbon,and was not due to the presence 
of a highly tritiated trace impurity.lt therefore appears 
relevant to include a brief description of this technique 
in this introduction.
The application and production of labelled compounds 
is closely related today to the use of chromatographic 
methods.They are both relatively new fields of research
2 8the first paper on gas-chromatography appearing in 1952 ,
while the preparation of labelled compounds began seriously 
after the second-world war (see general introduction).
The first reported application of gas-chromatography in
29
the analysis of labelled compounds was made by Kokes et al 
in his work on ^C-labelled hydrocarbons.This was quickly 
followed by a number of papers describing its use in "hot- 
atom" chemistry and biochemical research,together with many 
others on methodological developments.The advantages of
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radio-gas chromatography (RGC) have been described in over 
a thousand papers on applications in the fields of 
biochemistry,clinical biochemistry,organic and physical 
chemistry,chemical processing,^hot-atom" chemistry,and 
the production of labelled compounds.
In recent years,however,increasing attention has 
been paid to its application in the analysis of labelled 
compounds^^ for radiochemical and chemical purity, 
total activity,specific activity,and,in some instances, 
the pattern of labelling * •
The various methods used to monitor the effluent 
stream from a gas-chromatography column for radioactivity 
can be divided into two main groups,those which use the 
intermittent trapping of the effluent and the subsequent 
separate measurement (by liquid /3-scintillation counting) 
of the radioactivity of the collected fractions,and those 
which measure the radioactivity of the effluent continuously 
by means of a flow-through detector.The former was probably 
the first most commonly used approach for assaying the 
radioactivity of labelled compounds.In one of the first 
applications of this method ^C-labelled fatty-acid methyl 
esters^^ were detected with a gas-density balance (GDB) and 
then collected in tubes filled with cotton-wool moistened 
with methanol.Continuous monitoring of the effluent 
radioactivity,however,is easier to implicate in those 
applications concerned with the determination of the 
radiochemical purity,and the specific activity of labelled
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compounds•
Many systems have been described for the continuous 
monitoring of radioactivity in the effluent stream from a 
gas-chromatography column.Early approaches involved systems 
with mass and heated radioactivity detectors in series^^*^^"^] 
An example of this type of set-up is illustrated below.
CarrI.r 
■O»»—V-
 r—^
r f t
11   1
-jte—
 L --
A.
ArgQn purg. "■« |
1'Rotam.t.r .2 >Gas aample valva.3>Gaa aamplas. 4 «Sample loop. 5 < Injection block oven 
6«Programmed temperature ovan. 7» Detector oven. 6 > Reference column. 0‘Sampla column.
10 « lonlaatlon ctramber It'Electrometer.
Today they are only used in exceptional circumstances 
when the counting efficiency is not influenced by the
52composition of the substance passing through the counter
Hence most flow-through systems now employ flame ionisation
detectors (AID's are not used due to their low linearity)
to monitor the mass and radioactive components of the effluent
after appropiate splitting.The larger part of the split
(80 - 905É) is fed to the radioactivity detector and the
remainder through the mass F.I.D.Responses from both detectors
are then displayed on a dual-pen chart recorder.The use
of an additive gas for the accurate functioning of the
42splitter has been reported ,where this was necessary
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to counteract the non-stability of the splitter operation^^. 
The exact splitting achieved was determined by comparison 
of the mass response for runs with and without a splitter^^. 
Alternatively the use of a splitter can be avoided by using 
the F.I.D* as a combustion element^^"^^.
Another possible combination in R.G.C is the 
absorption of the effluent in a flowing liquid scintillant, 
this is illustrated in the diagram shown below,which will 
also permit the collection of different fractions of the 
effluent.
Carrier _ 
-gas. Ol
Injection port.
1 I Oven of Gee Chromatograph. 2« Splitter . 3 s Flame-Ionisation detector. 
4ïSclntlllator solution. 5< Peristaltic pump.6: LIquld-sclntlllatlon counter 
7*Two-pen recorder. 8> Fraction collector.
Several further methods combine flow-through and 
’’off-line" detection,i.ee,interrupted-electron 
gas-chromatography in conjunction with a static ionisation
chamber has been reported
4y,5U,5
The R.G.C. system used to assess the radiochemical 
purity of tritiated methylcyclobutylketone and
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methylcyclopentylketone in this present study is a variation 
on the theme of the continuous-flow system in which the 
effluent is split and fed into two flame ionisation 
chambers (F.I.D*s).In this system the F.I.D. allocated to 
monitor the radioactivity of the effluent was initially 
modified to act as an ionisation chamber,as shown in figure 2.1.2, 
the only addition necessary being a second electrometer 
to measure the current produced.The modified F.I.D. was 
run without hydrogen gas,but with air instead,to act as 
a purge-gas .The entire set-up is shown in figure 2,1.1.
Argon is used as the carrier-gas,and the effluent 
is split,using a variable post-column splitter,into a 9:1 
ratio,the smaller fraction is sent to the F.I.D. of the 
gas-chromatograph for mass-detection and the larger to 
the modified F.I.D. (the necessary polarsing potential 
across this F.I.D. was provided by a 15v dry-cell battery 
connected between the grounded outer case of the F.I.D. 
and the input screen of the electrometer ).The responses 
from each detector are then fed to a dual-pen chart recorder, 
enabling both the radioactivity and mass responses to be 
recorded simultaneously on the same chart-paper.
The sensitivity of this set-up was found to be too 
low for some applications and so,at present,the electrode 
and case assembly of the F.I.D. has been replaced by a 
specially designed chamber.This consists of a single -steel 
rod as the central electrode and a stainless steel cylindrical 
chamber which is electrically insulated from the chromatograph
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detector plate with P.T.F.E. (m.pt. 350®C).This construction
permits the use of a more sensitive electrometer with an
1 2input resistance of up to 10 ohms.Electrical leakage 
currents are reported to be small and the electrometer 
can operate with input return at ground potential since 
the polarising voltage is applied to the outer chamber steel 
wall (see Figure 2.13.).
The sensitivity of this present set-up is very good 
and is capable of readily detecting radioactivity of less 
than 1//Ci per microlitre.This lower limit can be reduced 
further,for example,by optimising the gas-flow or by using 
a more sensitive electrometer.For routine use,however,this 
lower limit is more than satisfactory.
Possible disadvantages are the restriction of the 
method to volatile or low-melting point compounds and the 
fact that dual differential flame ionisation detection is 
not possible whilst one of the F.I.D.*s is in operation 
as an ionisation chamber.Therefore,because of this, 
temperature programmed analysis may yield a less than 
horizontal base-line.
Radioactive contamination of the detectors and the 
injection-port is readily dealt with by cleaning the 
contaminated item with Decon in an ultrasonic bath at regular 
intervals (the injection septum should also be replaced 
after every 10-15 injections).Column contamination can be 
controlled by either changing the column packing or,in less 
extreme conditions,by washing the column through with
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successive injections (5-10^1) of a neat hydroxylic solvent 
such as methanol.
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2 . 1 . 3 ,  K i n e t i c  Th eo ry
I.The Kinetics of Detritiation for [oC-^Hj-Methylcyclopropyl- 
and ] -Methylcyclohexylketone.
3 1These two compounds were shown by both H and H NMR 
spectroscopic analysis to be labelled specifically at only 
one site,the methyl group alpha to the carbonyl.
/,CH— C
A' \CHgT
CX
T = ,H
Cyclobutylmethylketone.
Subsequently for the detritiation of these compounds 
in basic solution:
,0 ./ + OH ^CH — C
CHgT
CH — C
/?
\ h .
.CH —  ^
wCH,
+ HTO
where k,j is the rate-determining step,then:
l l H J  = [R T ] [ 'O H ]
dt
2.1.1 RT = ;cH—
CH;T
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If the reaction is performed under pseudo first-order 
rate conditions then Eqn• 2.1.1 reduces to;
- i M i r C E R T ]  --------------------- 2.1.2.
d t
where is the observed pseudo first-order rate constant
for the detritiation of the labelled methylcycloalkylketone. 
If this reaction is followed by observing the decline in 
the acid substrate radioactivity then:
In [ R T ]  obs OH
[ R T ] ,
which is equivalent to:
p _  +  C -  ["OH] +  c   2.1.3.
In ObS
 o =  k., +  c  [  R T ]  =  C t^  = c p m  a t  t  = o
C l ,
Ct^ and Ct^ are the radioactivity of the acid substrate 
at t=0 and at time t respectively and are expressed as 
counts per minute (c.p.m.) or disintegrations per minute 
(d.p.m.) and are directly proportional to the concentration,
A plot of the observed acid-substrate radioactivity, 
log^gC.p.m.,against time,for one reactive site in the 
molecule,will therefore be a straight line.The gradient of 
this plot,from Eqn.2.13,is therefore equal to:
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obs
/ 2 - 3 0 3
obs
i .e . -k^ = g r a d i e n t . 2 *303 2.1.4.
and the observed pseudo first-order rate constant can be 
calculated.The second-order rate constant can then be 
calculated using Eqn. 2.1.5.
"OH
ky = gradient. 2-303 / ["OH] 2.1.5.
It is therefore a relatively simple matter to 
determine the kinetics of detritiation for the base-catalysed 
ionisation of [oC-^h]-methylcyclopropylketone and 
methylcyclohexylketone.
For the base-catalysed detritiation of [ot, oc'-^h ]- 
methylcyclobutylketone and [ot, oc*-^Hj-methylcyclopentylketone 
the situation is a little more complex.
2.The Kinetics of Detritiation for [oc, ot*-^Hj-Flethylcyclo- 
butylketone and [o(, ot-^-^hJ-nethylcyclopentylketone in 
Basic Solution.
The detritiation of these two compounds occurs via 
two second-order isotopic exchange reactions occuring in 
parallel,i .e.,
CHmT
p ‘
CT-Cf+ OH
CH
C - C
CHz 
+ HTO
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GT-C
CHgT
C— C C =C
CHgT
+ HTO
At any time t the observed acid substrate 
radioactivity will have two components:
A(oCCT)j + A(oCCT)^ A (o iC T )  = substrate
_______ 21 6 radiQactivity.
and so the rate at which the observed radioactivity 
decreases will depend on the rates of base-catalysed exchange 
at the two positions.
•d [«C T_] _ k ,[ocC T ][-O H ]  
dt
2.1.7.
d ^ f C T ]  = k g [c < C T ] [ -O H ]  
dt
2.1.8 .
Hence it can be shown,under pseudo first-order 
conditions,that
log A j  = log. ( A (o ^ C T ) .e  ' + A(cxCT).e*^ )  --------------------2,1.9 .
Whilst both reactions are taking place a plot of
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log^gd.p.m* against time will be curved,however,as the 
reaction at the more reactive site comes to completion, 
the curve flattens out and becomes linear.This decribes 
solely the rate of detritiation at the less reactive site. 
The previous equation therefore reduces to;
. obs obs
Ioq q^A j = log^gA (otCT) “ k. • t 2 .1.10.
2*303
The observed pseudo first-order rate constant for 
the exchange reaction at the, a/ring carbon can be calculated 
from the gradient.If this linear part of the plot is 
extrapolated,as shown below in figure 2.1.4,to intersect the 
y-axis,it can be seen that by plotting the logged difference 
between the observed radioactivity and the radioactivity 
corresponding to the #'C-T site (described by the extrapolated 
linear plot) against time,a straight line will be drawn.
This describes the decline in radioactivity,with 
time,of the (X C-T site,the observed pseudo first-order rate 
constant can hence be calculated from the gradient.
"*0HThe corresponding second-order rate constants,Ky ocCT
D H  ^ •
and Kj cxCT,can be calculated by simply dividing the
observed pseudo first-order rate constants by the base
concentration of the reaction medium.
obs Figure 2.1.4
Time
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S e c t i o n  Two. E x p e r i m e n t a l .
2 . 2 . 1 .  Reagent  P u r i f i c a t i o n  and R e a c t i o n  Medium P r e p a r a t i o n .
1.Purification of Reagents.
(a) For the Preparation of the Reaction Media.
The aqueous basic solutions in which the detritiation 
of the labelled methylcycloalkylketones was performed,were 
all prepared using water and carbonate-free stock solutions 
of aqueous sodium hydroxide purified and prepared as described 
in section 1.2.1. of the previous chapter.
(b)The Purification of the Methylcycloalkylketones prior to 
Tritiation.
The methylcycloalkylketones studied were all bought, 
except for methylcyclopentylketone,from commercial sources 
(riuoro-chem and Lancaster Synthesis) and preliminary NMR 
spectroscopic analysis revealed that they were sufficiently 
pure for tritiation and that no further purification was 
required.Methylcyclopentylketone was not commercially 
available and was therefore synthesised and purified as 
described later in section 2.2.5.
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(c) The Purification of the Labelled Methylcycloalkylketones 
prior to conducting Kinetic Studies on their 
Detritiation in Aqueous Base.
The labelled methylcycloalkylketones were shown by 
1 3
H and H NMR spectroscopy (performed on a Bruker UH90 FT 
NMR Spectrometer) to be radiochemically pure.In some cases 
(i.e., for methylcyclobutyl- and methylcyclopentylketone) 
it was necessary to confirm these conclusions by radio-gas 
chromatographic analysis.Further experimental details are 
given in section 2.2.2 which reports the experimental 
procedure for the tritiation of these compounds and their 
subsequent analysis for radiochemical purity.
2.The Preparation of the Reaction Media.
These aqueous solutions of sodium hydroxide were 
prepared by the accurate dilution,with purified water,of 
aliquots of a standardised solution of sodium hydroxide to 
give the required basicity.The exact base concentration 
(moles.litre ^) was accurately evaluated by titration 
against aqueous solutions of potassium hydrogen phthalate 
of known concentration (prepared by weight) before and after 
each kinetic run.
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2.2.2.The Experimental Procedure for the Tritiation of 
Methylcycloalkylketones.
These compounds were tritiated in a similar manner 
to that used to tritiate Mianserin,and associated compounds, 
described in the preceding chapter,namely the base-catalysed 
isotopic exchange of the "acidic" hydrogens with tritium as 
tritiated water (THO).The general procedure is as follows.
A small volume of the methylcycloalkylketone 
(c.a. 500^1) to be tritiated was diluted with an equivalent 
volume of dioxan (anhydrous) and then carefully pipetted into 
a thick-walled glass tritiation vial which contained a small 
quantity of powdered sodium hydroxide (BDHjAR grade).A small 
volume of tritiated water (5/i/l ; 50 Ci.ml"^) was added and 
the contents of the vial were then frozen in liquid nitrogen. 
The flask was then immediatly evacuated and sealed under 
vacuum.The sealed vial was then heated at the desired 
temperature in a thermostatically controlled oil-bath for 
the required length of time.
When this had elapsed the vial was removed,cooled, 
opened,and its contents extracted into chloroform and water.
The chloroform extract was separated from the aqueous phase 
and washed with water (3 x 20ml) to remove any last 
remaining traces of tritiated water.The chloroform extract 
of the tritiated product was dried (anhydrous sodium sulphate), 
filtered,and evaporated down to give the tritiated
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methylcycloalkylketone.
The specific activity was then calculated and a small
3
quantity of the labelled material was analysed by H and 
1
H NMR spectroscopy to ascertain the labelling pattern.
The exact experimental details for the tritiation 
of each methylcycloalkylketone are shown in Table 2.2.1.
Methylcyclobutylketone and methylcyclopentylketone
3 1
were shown by H and H NMR spectroscopy to be labelled 
not only at the methyl group alpha to the carbonyl carbon, 
as in ] -methylcyclopropylketone,but also at the
ring carbon alpha ( cX’) to the carbonyl carbon.It was 
therefore necessary to confirm the radiochemical purity 
of these two compounds,that the second tritium NMR response 
was due to tritium resident at the oc-ring carbon and 
not to a highly tritiated trace impurity,by radio-gas 
chromatography.The instrumental details of this technique 
are described in section 2.1.2. and will not be repeated 
here,however,the relevent experimental conditions employed 
are as follows.
Column; Glass. Length; 1.5m . Inner Diameter; 0.6cm. 
Liquid Phase; 0V17 Weight %: 10.0 .
Liquid Phase Support; Chrom UHP. Mesh Size; 100 to 120. 
Carrier-Gas; Nitrogen. Plow-Rate; 40ml.min ^,
Detector; Twin F.I.D.*s,one modified to act as an ionisation 
chamber for the detection of radioactivity.
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'3.
The Result of the  Radiochemical Analysis of 0 6 - H I -■ C yc lo bu ty  Im ethylketone  
by Radio-Gas Chromatography.
:T he  Radioactive S ignal.
:The Mass Signal.
a  : [0<.,OC-H] Cyclobutylmethylketone  
,Rf :  216 secs.
b : Dioxan. , R * : 8 4  seçs.
C : Ch loroform  ,R ( : 7 2  secs.
Figure 2.2.1.
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The Result of the Radiochemical Analysis of [06,cX ~ H ] -C y c lo p e n ty lm e th y l  
-k e to n e  by R a d io - G a s  C hrom atography.
= The Rad io ac tive  S ignal.
a : [o( -H l -C y c lo p e n ty lm e th y Ik e to n e  
,R j :  108 secs. ' i
b : Dioxan ,R* :  48  secs. :
Figure 2.2.2.
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operating in parallel.
Detector Temperature: 200*C. Injection Temperature: 250*C. 
Column (oven) Temperature: 200°C,
The gas-chromatographic conditions employed were
designed not only to resolve [o^ , ot*-^H]-methylcyclobutyl-
ketone and oc*j-methylcyclopentylketone, but also
3 1chloroform and dioxan which were shown,by the H and H NMR 
spectroscopic analysis,to be the principal contaminants 
of the labelled compounds.
As was expected the resultant traces (see figures 2.2.1. 
& 2.2.2) confirmed that the two labelled compounds were 
radiochemically pure.
2.2.3. The Experimental Procedure for Evaluating the
Kinetics of Base-catalysed Detritiation of ther 
Tritiated Methy1cycloalkylketones.
A preliminary investigation revealed thet the 
labelled methylcycloalkylketones detritiated in a 
straightforward manner,under pseudo first-order rate 
conditions,in aqueous solutions of sodium hydroxide (0.06 
to 0.20 M ) at 25.0'C.The optimum base concentration for 
accurately evaluating the kinetics of detritiation for
- ^ n]-me thy Icy cl op ropy Ik et one and [c%-^H]-methylcyclohexyl
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ketone was chosen to be 0.10 moles .litre”"*. For 
[oc, oc*-^H]-methylcyclobutylketone and [<%, (%'-^H]-methyl- 
cyclopentylketone,which are labelled at two sites,the 
optimum base concentration was chosen to be 0.20 moles .litre”"* 
This increase was necessary so as to bring the majority 
of the reaction into a reasonable experimental time-scale 
so that the slight initial curvature of the log^gd.p.m. 
against time plot,due to the simultaneous exchange of the 
ex'-fnethine and csc-methyl tritons at different rates,could 
be detected from the later linear plot.This describes solely 
the exchange that occurs at the less reactive site,i.e.,the 
06*-rnethine triton.Since the initial curvature was shallow 
the calculated pseudo first-order rate constants were 
computer optimised,see chapter one,so as to minimise any 
graphical errors in the calculations.
The general procedure is therefore as follows.
To a thermally equilibrated (25*C) aqueous solution 
of sodium hydroxide (carbonate-free),of the required basicity, 
was added a few drops of a dioxan solution of the tritiated 
methylcycloalkylketone.The reaction mixture was vigorously 
shaken,replaced in the water-bath,and the subsequent 
detritiation of the tritiated material was followed,under 
pseudo first-order rate conditions,by the removal at known 
time intervals of aliquots (5ml) of the reaction mixtures 
The reaction in each aliquot was quenched by addition to 
a two phase mixture of a solution (10ml) of an organic
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scintillant (PPO) in toluene,and water (lOml).The partially 
detritiated material remains in the toluene phase.The 
radioactivity of an aliquot (5ml) of the dried toluene phase 
was then ascertained by liquid /3-scintillation counting. 
This was repeated for each successive sample.
The sampling was continued until the radioactivity of 
the acid substrate had fallen by at least 80^.A plot of the 
decrease in radioactivity,log^^c.p.m (counts per minute), 
against time was then drawn.The pseudo first-order rate 
constants for base-catalysed isotopic exchange at the 
respective site(s) within the compound were then calculated 
from this plot as described in section 2.1.3.
The above procedure was then repeated several times 
so as to obtain a mean value for the observed pseudo 
first-order rate-constant(s).The second-order rate constants 
were calculated by simply dividing the observed pseudo 
first-order rate constants by the base concentration 
(moles.litre ^) of the reaction medium.
2.2.4. The Experimental Procedure for the Partial Detritiation 
of [oC, o(*-^H]-Methylcyclobutylketone and 
[o(, -Methylcyclopentylketone.
The aim of this particular experiment was to confirm 
the inference that base-catalysed isotopic exchange at the 
ring carbon to the carbonyl group,in these two compounds.
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occurs at a slower rate than exchange at the methyl group
oc to the carbonyl group.This was achieved by partially
detritiating each compound and then examining the partially
3detritiated compound by H NMR spectroscopy.This should 
show that the tritium signal corresponding to the cx-methyl 
tritons will be greatly reduced compared to the signal 
corresponding to the tritium label at the ring-carbon,
and would confirm that base-catalysed isotopic exchange at 
the (X* position occurs at a slower rate than at the position. 
The experimental procedure was as follows.
To a thermally equilibrated (25*C) aqueous solution
of sodium hydroxide of the required basicity (0.20 M) was
added a highly active aliquot (c.a. 7mCi) of a dioxan
solution of the tritiated methylcycloalkylketone to be
partially detritiated.The detritiation was allowed to proceed
for that period of time which,from previous kinetic runs,
was required to ensure that the faster exchange reaction
is almost complete,i.e.,that time at which the plot of
log^gC.p.m against time begins to approach linearity.
The reaction is then quenched by adding the reaction
solution to an equivalent volume of ice-water and chloroform
contained in a large separating funnel.The chloroform phase
was then separated off,dried,filtered,and evaporated down
to give the partially detritiated methylcycloalkylketone.
The total activity of the sample was then assessed and,if
3 1
sufficiently high,was sent for H and H NMR analysis.
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2.2,5. The Synthesis and Purification of 
Methylcyclopentylketone.
Introduction.
Except for methycyclopentylketone all the
methylcycloalkylketones studied were commercially available.
It was therefore necessary to synthesise this compound 
80and the method chosen to do this is described in this 
section.lt involves the condensation of the oc-iithiated 
salt of methoxypropionic acid with cyclopentanone to give 
the /3 -hydroxy acid which is then cyclised to the /5 -lactone. 
This is then decarboxylated and acid-hydrolysed to give 
methylcyclopentylketone.The entire synthetic route is 
illustrated in figure 2.2;3.
The Synthesis of Methylcyclopentylketone.
Stage One: The Synthesis of 2-MethoxyPropionic Acid
2-Methoxypropionic acid was prepared as described 
81by Petrov et al in which pure 2-bromopropionic acid is 
added to a "froth” of freshly prepared sodium methoxide 
and methanol,
Br OCH.
I I
ZNaOCHg + CHg— CH— COgH ---► C H — CH —  CO^H + NaBr + CH^OH
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Br O C H 3
H 3 C — C — C O 2 H
NaOMe
2 * Methoxypropionic Acid
2*Bromopropionic Acid
t-BuNHo + n -B u L i t-B uN HLi »  CH 0 —COoLiTHF/O C THF/No/0®C
Li
c '°
I
c— CH3 
OCH,
K2CO3 1 4 0 - 1 6 0  C
\
CH.
C O
Cyclopentanone
T H F / Ng /  Rm.Temp
PhSOgCI
5 0 /  Pyridine
OH OCH3
I
Figure 2.2.3.
/O C H3 dll HCI r \ C H — COCH3
Cyclopenty lm ethy Iketone
The Synthetic  Scheme for the Synthesis of C yclopenty lm ethylketone .
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The 2-methoxypropionic acid is then solvent extracted 
from the acidified solution and purified by distillation 
under reduce^ pressure.The experimental procedure is as 
follows.
Experimental Procedure.
To 100ml of dry methanol (dried by refluxing with,and 
then distilling from,anhydrous copper sulphate),in a round 
bottom flask equipped with a reflux condenser,a quantity 
of freshly cut sodium metal (2 x the molar concentration 
of the 2-bromopropionic acid to be used) was added via the 
neck of the reflux condenser.Uhen the addition was complete 
the contents of the round-bottom flask were heated under 
reflux for thirty minutes and then the excess methanol 
was distilled off to give a froth of sodium methoxide and 
methanol.The apparatus was then swiftly rearranged for reflux 
again and the desired volume of freshly distilled 
2-bromopropionic acid was added dropwise down the neck of 
the condenser.The reaction at this point is quite 
exothermic and so caution should be exercised whilst adding 
the acid.The resultant mixture was then gently refluxed 
for sixty minutes,poured into ice-water,to give a solution 
that was then acidified with concentrated hydrochloric acid. 
The acidified solution was then extracted into diethylether. 
The combined ethereal extracts were washed with water,dried
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over anhydrous sodium sulphate,and evaporated down to give 
crude 2-methoxypropionic acid contaminated with methanol.
The solution was purified by distillation under reduced 
pressure and the identity of the major product was confirmed 
as being 2-methoxypropionic acid by infra-red and NMR 
spectroscopy.
Results•
Percentage yields of 2-methoxypropionic acid were 
quite high (50 - 60%) and the IR and NMR spectra,together 
with the pertinent spectral assignments,are shown in 
figures 2.2,4. &,2.2.5...
Stage Two: The Synthesis of 2-Cyclopentyl(1-hydroxy)-2- 
methoxypropionic acid.
8 2The same procedure as described by Adams et al was 
used to generate the ot-lithiocarboxylate salt of 
2-methoxypropionic acid and to condense it with cyclopentanone 
to give the /3-hydroxy acid.The experimental procedure is as 
follows.
Experimental Procedure.
A three-necked round-bottom flask,provided with a 
magnetic spin-bar,a rubber septum,and nitrogen inlet and
169
outlet tubes,was oven dried and assembled under nitrogen.
The flask was charged with anhydrous tetrahydrofuran (dried 
by refluxing with LiAlH^) and the required amount of 
t-butylamine to make a I.Omolar solution.
Uhile stirring magnetically,at 0.0*C and under 
nitrogen,a stoichiometric amount (equal to the molar 
concentration of the amine) of n-butyllithium in hexane 
was added through the rubber septum by means of a calibrated 
syringe.About ten minutes later,still at 0.0*C and under 
nitrogen,a stoichiometric amount (half the molar concentration 
of the amine) of 2-methoxypropionic acid was added as a
1.0 M solution in anhydrous THF and allowed to stir for
1.0 hour.Subsequently a stoichiometric amount (equal to the 
molar concentration of the acid) of cyclopentanone,as a 
2,5M solution in anhydrous THF,was added at room temperature 
and the mixture was stirred overnight.Subsequently the 
reaction mixture was poured onto crushed ice and extracted 
with diethylether (3 x 100ml).The combined diethylether 
extracts were then discarded and the remaining aqueous 
solution was acidified with dilute hydrochloric acid.The 
acidified solution was then extracted into diethylether.The 
combined ethereal extracts were dried,filtered,and then 
evaporated down to give the crude /3-hydroxy acid.
The crude P  -hydroxy acid was purified by 
recrystallisation from diethylether and the identity of the 
pure material was confirmed as 2-cyclopentyl(2-hydroxy)- 
2-methoxypropionic acid by IR and NMR spectroscopy.
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R e s u l t s ,
Percentage yields were generally low (20 - 30^) 
after recrystallisation.The IR and NMR spectra are shown 
in figures 2.2.6 & 22.7, together with the relevent spectral 
assignments•
Stage Three: The Cyclisation of 2-Cyclopentyl(1-Hydroxy)- 
2-methoxypropionic acid.
The /3 -hydroxy acid was cyclised to give the 
corresponding /3 -lactone by treating it with 
benzenesulphonylchloride.
CM-
I
H^CO — C —
C — OH
OH PhSOoCI
C— OHdry Pyridine
SOgPh I I-PhSO-H
The -hydroxy group serves as an internal 
nucleophile and so displaces the benzene-sulphonate ion, 
in the mixed anhydride intermediate,to give the -lactone 
The experimental procedure for this stage is as follows.
Experimental Procedure,
173
</)
s
U
Q
U
c
g
a
0
Q.
1
>.
X
0
*D
> s
JC1
C
0)
CL0
U
>.
ü
1
CM
I
>,
X0 x:
0)
S1
CM
0)
C0
u
CD
_J1
C2
E
3
ü
0>a
(/)
ce
s
z
I
I
I
s
o
CD
0>J=
K
O ®
174
oo
h-in
CM
•E
ooUo
to
o ü
%
TD
I
Ca>
a
o
0 >, u
1
CM
I>*
X
oj=
I
CM
0)
C
o
0 (0
1
es
E
3
üOa
0)
■D0)
OC
I
(0
0>s:
h-
0)
CM
CM*
O
3m
C
O
Q
O
175
A solution of the /3-hydroxy acid in 20-30 parts of 
anhydrous pyridine (dried by refluxing with solid solid 
sodium hydroxide) was cooled to 0-5*0 and 2 moles of 
benzenesulphonylchloride per mole of -hydroxy acid was 
added dropwise.The mixture was well shaken,sealed,and placed 
in a refrigerator overnight.
The work-up consisted of pouring the reaction 
mixture onto crushed ice and extracting this with diethylether, 
The combined ethereal extracts were washed with saturated 
aqueous sodium bicarbonate,water,and then dried over 
anhydrous sodium sulphate.The dry solution was then evaporated 
down to give the crude p -lactone which was purified by 
distillation under reduced pressure (100.0 at 20.0 mmHg).
The identity of the major product was confirmed as the 
/3 -lactone by IR and NMR spectroscopy.
Results.
The percentage yield was virtually quantitative for 
this step (80-90%) and the IR and NMR spectra,together with 
the pertinent spectral assignments, are shown in figures 2.2.8. 
and 2.2.9.
Stage Four: The Decarboxylation of the p -Lactone to
the corresponding Enolether
The decarboxylation of the p -lactone was performed,
176
8 0as described by Caron et al ,in the presence of solid 
potassium carbonate (5-10% relative to the # -lactone) to 
prevent the isomérisation of the tri-substituted enol ether 
into the monosubstituted isomer.
/OCH,
Without the presence of base the isomérisation is 
quite extensive (40-70%) even with very pure samples of 
the /3 -lactone.The experimental procedure employed to 
decarboxylate the ft -lactone is therefore as follows.
Experimental Procedure.
The pure ft -lactone was placed in a small round- 
bottom flask (5ml),together with a quantity of anhydrous 
potassium carbonate,equipped with a small (8cm) reflux 
condenser and heated in an oil-bath at 140-160*C at 
atmospheric pressure.This was continued until cessation 
of carbon-dioxide evolution (40-60 minutes).The product 
was then extracted into diethylether (dried over sodium 
metal) and then purified by distillation under reduced 
pressure (110.0*C at 15.0 mmHg).The identity of the pure 
product was confirmed as the olefin by IR and NMR 
spectroscopy.
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R e s u l t s •
The percentage yields of pure product was after 
uork-up almost quantitative (80-90%) and the IR and NMR 
spectra are shown in figures 2.2.10 & 2.2.11.
Stage Five; The Acid-Hydrolysis of the Enol ether to 
give Methylcyclopentylketone.
/ 0 C H 3  0 +
— 2---------- >
The experimental procedure for this stage is
8 0similar to that described by Caron et al and is as 
follows.
Experimental Procedure.
The pure enol ether was dissolved in diethylether 
and the solution was stirred at room-temperature with 
dilute hydrochloric acid for 48-72 hours.The mixture was then 
extracted into more diethylether (2 x 50ml),the combined 
diethylether extracts were dried (anhydrous sodium sulphate), 
and then evaporated down to give the crude methylcyclopentyl 
ketone.
Due to the unavailability of a molecular-still,the
180
crude material was purified using the more classical approach 
of "molecular distillation"^^.
The apparatus shown in figure 2.2.12was set-up with
Vacumn -  line.
S y r in g e — n e e d le .
Rubber -  septum.
Glass -  tu be (9mm d ia m e te r ) .
I c e -  bath.
Crude M e th y lc y c lo p e n ty lk e to n e .
O i l -  bath.
M agnetic -  st I r r e y  Electric  
Hotplate.
Pure M eth y lcy c lo p e n ty lk e to n e .
Figure 2.2.12,
The g la ss— tube Is scored and
broken at this point.
Residue .
crude methylcyclopentylketone,with a small amount of solvent.
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in the louer-bulb of the thick-ualled glass tube which 
at this point was not resting on the surface of the oil-bath. 
The solvent was then slowly removed by evaporation under 
reduced pressure,created by a water-pump via a syringe needle 
/rubber septum at the mouth of the glass tube,to give the 
neat product.This serves to degas the liquid which is 
necessary to prevent it from frothing when heated under 
vacuum.
The lower-bulb is lowered to rest on the surface 
of the cold oil-bath,and the ice-jacket was fitted.The vacuum 
inside the glass-tube was then reduced further using a rotary 
vacuum pump and the the temperature of the oil^bath was 
slowly raised until the methylcyclopentylketone evaporated 
and collected in the upper-bulb.
The glass-tube was then carefully removed,still under 
vacuum,and the liquid in the upper-bulb was carefully frozen, 
with the tube at an angle so as to prevent the distillate 
from running-down into the residue,in liquid nitrogen.The 
vacuum inside the tube was then released and the tube was 
broken as shown in figure 2.2.12. The frozen distillate was 
then melted and washed into a small pear-shaped flask with 
diethylether (dried over sodium metal) and evaporated down 
to give the neat distillate.
'I
A small amount was then sent for H NMR spectroscopic 
analysis to confirm that it was the pure methylcyclopentyl­
ketone.
The fact that at sufficiently low pressures
182
(10 ^-10 ^mmHg) and moderate temperatures (30-200*C) the 
mean free path of the molecules which escape from a liquids 
surface will be greater than the distance from that surface 
to a nearby cold-reciever is the principle of molecular 
distillation.
In molecular distillation,the permanent gas pressure 
is so low that it has very little influence upon the speed 
of the distillation.The distillation velocity at such low 
pressures is determined by the speed at which the vapour 
from the liquid being distilled can flow through the 
enclosed space connecting the still and condenser under the 
driving force of its own saturation pressure.If the distance 
from the surface of the liquid to the reciever is less than 
the mean free path of a molecule of distillate vapour in 
the residual gas at the same density and pressure,most of 
the molecules that leave the surface will not return.The 
escaping molecules for the most part proceed in a straight 
line to the condenserjby maintaining the temperature of the 
latter low,the amount of reflection of molecules from the 
condensing surface is reduced.
The great advantage of molecular distillation under 
a high vacuum is that the boiling point is greatly reduced 
in some cases as much as 200-30G°C thus rendering possible 
the distillation of substances which decompose at higher 
temperatures and also of compounds of very high boiling- 
point and large molecular weight.
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R e s u l t s .
The yield of pure methylcyclopentyl ketone uas low 
(40%) and a total volume of 200yvl uas obtained.This,however, 
was enough to serve the aims of this study.The H NMR and 
IR spectra of methylcyclopentylketone are shown in figures 
2.2.13 & 2.2.14.
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2.3.1. Tritiation Results.
Substrate
Specific Activity 
/  mCi .m mol
116 14 2 11-0 8-3
%^H at the c< 
position
100 75 75 100
%^H at the OC 
position
----- 25 25 ------
Table 2.3.1 : T r it ia t ion  Results.
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2 , 3 . 2 .  K i n e t i c  R e s u l t s .
Compound.
O bserved  Pseudo  
First -  Order Rate 
Constant
X 10^ / secs^
CNaOH]
/  molesiitre^
Second -  Order 
Rate Constant
‘"■"I, r’ ■'/  Lmolesecs
1 .040 0.100 1 .040
\  P
OH —C' 1 .040 0.988 1 .050
^ H T
QC. ^ 1 .048 0.100 1 .050
1 .359 0.100 1 .370
<^ 0 , - / 1.332 0.099 1 .350
\ ------/ CHT
OC ' 1 .367 0.102 1 .350
1 .386 0.100 1 .390
Table 2^3.2 : K inetic  Data for the Detritiation of & x-H ]-C yclo  propyl methyl ketone 
and [® -H ]-C yc lo h exy lm eth y lke to n e  in Aqueous Base (N aO H ) at
o  o  _  »
25 C l t o  1 c ;
195
Time /mins.
A obs
A ,
/cpmxIO.
'09,o A ,
/cpm.
5.0 1225.0 6.09
10.0 1102.0 6.04
20.0 1039.0 6.02
30.0 937.0 5.97
40.0 944.0 5.98
50.0 851 .0 5.93
60.0 783.0 5.89
70.0 757,0 5.88
80.0 710.0 5.85
90.0 645.0 5.81
100.0 635.0 5.80
110.0 603.0 5.78
120.0 543.0 5.74
130.0 517.0 5.71
140.0 488.0 5.69
150.0 456 .0 5.66
180.0 369.0 5.57
210.0 299.0 5.48
270.0 221 .0 5.35
300.0 
_______ _____________-
180.0 5.26
Table 2.3.3 : An Example of a Typical Kinetic Run for the Detritiation of
[o(-H] -Cyclopro py I methyl ketone in Aqueous Base ([NaOH] =0 099 moles I )
at 25 C.
obs
A\ ^ = The observed rad io ac tiv ity  of the acid substrate at t im e  t
196
Figure 2.3.8: An Example of a Typical Plot of
against Time (mins) for the Detritiation of
[oc-H]-Cyclopropylmethylketone , Drawn - from the Data6 10-
in Table , to illustrate the Graphical Calculation
6-00-
5-90”
5-80-
5-70-
AIoq q^A i /c p m
5-60-
5- 50-
5-40-
Gradient:*-0 -0 027
obs -3 - 3  .1
. (o&CT/ : 2-7 xIO x 2-303 :6 -22x10 min •5-30-
■4
5-20-
5-10 •
Time/mins
300-0200-0100-0
197.
Computer Optimised Standard [N aO H ). Second — Order
Compound Observed Pseudo First- Deviation. Rate Constants.
Order Rale Constants /  moleslitre*^
^ 4  -1 
X 10 s e c s .
k f “(«C H )
4 -1 
X 10 secs
k ° ” («C H )
X 10^
Imolesecs^
k ° ” (oCCH)
xIO^
-1 -1Imolesecs
4.32 1 .22 0.041 0.196 2.20 0.62
3.95 1 .02 0.161 2.45 0.63
3.65 1 .00. 0.053 0.189 1 .93 0.53
3.98 1 .08 0.037 0.202 1 .97 0.54
X y *  ''cHjr
4.15
4.23
1 .17 
1 .15
0.043
0.045
0.200
0.201
2.08
2.11
0.58
0.57
4.65 1.18 0.042 0.204 2.28 0.58
4.33 1 .00 0.060 0.204 2.12 0.49
3.00 0.35 0.055 0.197 1 .52 0.18
3.17 0.32 0.073 0.193 1 .67 0.17
1 \ C T - C ^
'"CHJ
<X
3.17
3.33
0.37
0.37
0.045
0.078
0.195
0.194
1 .62 
1 .72
0.18
0.17
3.17 0.32 0.080 0.200 1 .58 0.16
2.83 0.28 0.055 0.182 1 .55 0.15
- I,,.-
Table 2.3.4: Kinetic Data for the D etr it ia t ion  of [or,oc'-H]-Cyclobutylmethylketone  
and [ex, (x '-H ]-C yc lo p en ty lm eth y lke to n e  in Aqueous Base (N a O H ) at 
25 °C  (± 0 -1 ° C ) .
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Time / mins
0.0
15.0
60.0
75.0
90.0 
108.0 
1 2 0 . 0
135.0
150.0
165.0
180.0
197.0
2 1 0 . 0
225.0
240.0
250.0
260.0 
280.0
300.0
320.0
340.0
360.0
A.obs
/cpm xIO
491 .0
406.0
213.0
170.0 
151 .0
124.0
108.0
93.0
79.0
67.0
58.0
50.0
46.0 
41 .0
37.0
34.0
33.0
28.0
25.0
22.0 
20.0 
18.0
■°9ioA ,
obs
/cpm
5.69
5.61 
5.33 
5.23 
5.18 
5.09 
5.03 
4.97 
4.90 
4.83 
4.76
4.70 
4.66
4.62 
4.57 
4.53 
4.51 
4.45 
4.39 
4.35 
4.29 
4.26
Table 2.3.5 An Example of a Typical Kinetic Run for the Detritiation of
, 3
[a.oi.-H]-Cyclobutylmethylketone in Aqueous Base 
( CNaOHl :0-161 moles r^ ) at 25°C.
obs
: T h e  obseLved rad ioactiv ity  of the tr i t ia ted  acid substrate at t im e  t .
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Compound
Second — Order Rate Constants
k°“(occT) k°”(oc'CT)
 ^ /?  C H - C '
V ht
Ot *
\ ,0 
CT-c'
oc
C H - C
y V ht
06
10 0
2 0  0
1-50
1 3 0
0 8 0
0 20
Table 2:3,6 : The Relative Rates  of Base -  Catalysed Hydrogen -
Tritium Exchange in a Series of Cycloa Iky I methyl ketones
at 25  C under Aqueous Conditions.
t  "oh 3 -3  . . "1 "1
Relative  to K_ (OCCT ) for [CX-H]-Cyclopropy Imettiy iketone i.e., 1 - 0 5 x 1 0  Im o le s e ç s
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S e c t i o n  F o u r :  D i s c u s s i o n ,
The kinetic results ,given in Tables 2.3.2 & 2.3.4 , shou that 
for base-catalysed tritium-hydrogen exchange at the 
methyl carbon for a series of methyIcydoelkyIketones 
(at 25*^C) the order of reactivity is:
CH— C
C H ,
The order of reactivity for exchange at the esc * 
methine carbon for methyIcyclobutylketone and 
methylcyclopentylketone mirrors the above in that :
 COCH3 y C O C H 3
methylcyclopropylketone and methylcyclohexylketone were:
not observed to undergo any exchange at this position even
when tritiated at very high temperatures (i.e., mpt. of
methylcyclohexylketone = 180®C,tritiation temperature = 150*’c).
The regioselectivity,exhibited by methylcyclobutyl-
3
ketone and methylcyclopentylketone was shown by H-NMR 
to favour exchange at the methyl carbon.Hence from the 
kinetic data the observed regioselectivity for base-catalysed
206
tritium-hydrogen exchange (at 25^*C) is 5:2 and 7:1 for 
methylcyclobutylketone and methylcyclopentylketone 
respectively.
These results are in direct contrast to the results
of an earlier study conducted by the researchers Rappe and 
1 5Sachs into the rates of base-catalysed deuteriation of 
methylcycloalkylketones•They observed the following order 
of reactivity for the deuteriation of the methyl group :
 COCHg ^
r \
> y — cocH ^ COCH,
This differs from the observations made in this study 
in that the positions of methylcyclopentylketone and 
methylcyclohexylketone are reversed.Rappe and Sachs also 
reported that they had observed exchange at the oc* ring 
carbon for each member of the series,the order of reactivity 
being the same as that for exchange at the methyl position.
These discrepancies between the two sets of results 
are probably attributable to the experimental methods 
employed by Rappe and Sachs to measure the respective rates 
of base-catalysed deuteriation.They employed NMR spectroscopy 
to measure^^’^^ the rate of deuteriation at the methyl 
position by monitoring the rate of decline of the methyl 
singlet.Kinetic runs were carried out in a solution of sodium 
deuteroxide in DgO/Oioxan (5+8 ^/v) contained within an
207
NMR probe maintained at 47.5^C.Integrations were then 
performed over the methyl singlet and a refernece peak 
until a prédominât trace was apparent.The data was processed 
via the method of least-squares and the subsequent rate 
constant was reported on a "per-group” basis^^.At the end 
of a kinetic run the ketone component would be isolated 
from the contents of the NflR sample-tube and then analysed 
by mass-spectroscopy^^ for the deuterium content of the 
and oc* positions.
CD — — CO.CHçD 
oc
The ratio of the deuterium content of the oc* site 
over that at the oC site,Kp,would then be calculated and 
used to calculate the rate of base-catalysed deuteriation 
(ken) tor the oc* methine hydrogen,i .e.,
Evidently this method is open to a number of 
inaccuracies.The NMR technique is recognised to suffer from 
errors of anything from 10 to 20^ and Rappe and Sachs 
themselves admitted that their results for deuterium exchange 
of the o< » methine hydrogen for each compound were imprecise. 
This statement is confirmed by the fact that even under
208
extremely potent tritiation conditions (base-catalysed 
exchange with THO in dioxan) methylcyclopropylketone and 
methylcyclohexylketone were not observed to tritiate at 
this position,whereas this occurred even at room-temperature 
for the other two members of the series.Their data can 
therefore be discounted on absolute terms.How then are we 
able to explain the observations made in this study?
In the introduction to this chapter it was intimated 
that for exchange to occur for a proton attached to a
carbon oC to a carbonyl,that C-H bond would have to be able
to assume one of two favoura*ble conformations;
1 0(a) the conformation proposed by Corey and Sneen
requires the CH bond to be perpendicular to
the plane of the C=0 bond so as to maximise
a favourable stabilising delocalisation of the
o- bonding electron with the carbonyl tt-bond 
orbitals,and
1 2(b) in the alternative conformation Feather and Gold 
proposed a trans co-planar arrangement so as to 
minimise the steric interaction between the ketone 
and the incoming base ion.
10The conformation proposed by Corey and Sneen is
11generally accepted because calculations performed by Tee 
support it from the point of view of p.l.m. (principle of
209
l e a s t  m o t i o n )  c o n s i d e r a t i o n s .
In  a d d i t i o n  t o  th e s e  c o n f o r m a t i o n a l  c o n s i d e r a t i o n s
the ability of a carbon atom to undergo a change in
3 2hybridisation from sp to sp to form the intermediate 
enolate ion may also be important especially in regards to 
base-catalysed isotopic exchange at the oc» ring carbon 
and the formation of an exocyclic double-bond,i.e..
CHCH
+ HTO
In regard"to base-catalysed exchange at the methyl
group the CH methyl bonds can readily assume either of the
conformations (a) or (b) for the favourable removal of a
proton or triton by base.Similarly the passage of the methyl
3 2carbon atom from sp to sp hybridisation in forming an 
enolate-like reaction intermediate is unhindered.
Hence base-catalysed isotopic exchange would be 
expected to occur readily at this site and that differences 
in ring-size across the series does not have a sizeable 
influence on their respective rates of isotopic exchange at 
the methyl carbon.
210
I . e .
Ring Size 8 4 5 6
Relative Rates of
Detritiation 0  8 1 5 0  1 -20  1 - 0 0
This is borne out by the kinetic results where it 
can be seen that there are no large differences in magnitude 
between each compound (relative to for methylcyclohexyl­
ketone as 1,00).There are,however,observable differences 
which are perhaps due to the destabilising effect of the 
acyclic ring in the formation of the reaction intermediate. 
Hence methylcyclobutylketone is more reactive at the methyl 
site than methylcyclopentylketone due to the rise in the 
negative stabilising effect of the acyclic ring in going 
from a four-membered ring to a five-membered ring.This would 
seem to be in agreement with results previously reported 
for the bas-catalysed deuteriation of methylketones^^'^^of 
the general formula CH^COR,R varies from -CH^ to t-Bu,where 
it was observed that increasing the bulk of the alpha- 
substituent generally decreased the rate of énolisation.
This effect,however,for methylcycloalkylketones appears
on the basis of the observed results to be more subtle than
1 5would be concluded from Rappe and Sachas data and so it 
can be stated that in general the size of the alicyclic ring
211
does not have any great effect on the rate of base-catalysed 
isotopic exchange of the methyl hydrogens,Such a statement, 
however,cannot be made in regards to the base-catalysed 
isotopic exchange of the methine hydrogen oC * to the carbonyl. 
In this case the size and conformation of the alicyclic 
ring does play an intimate role in deciding whether or not 
exchange should occur.Let us consider the first member of 
the series studied,methylcyclopropylketone.
Electron diffraction studies^® have shown that the
cyclopropane ring occupies a rigid,highly-strained,trigonal-
planar conformation where the CH bonds possess 32^
1 3s-character.This was shown by the C-H NMR coupling 
constants^^'^^,an observation that has also been made in 
the NMR spectra of a number of cyclopropane derivatives. 
Skinner ,therefore,concluded that the CH bonds were best 
represented by sp hybridisation (while the C-C bonds are
3
similar to,although weaker than,the sp hybridised bonds in 
paraffins).The structure of methylcyclopropylketone itself 
has been shown by NMR studies to reside in an s-trans 
conformation ,which is in agreement with predictions made 
by considering the intramolecular interactions.In view of 
its structure it would appear that isotopic exchange at the 
04* ring carbon is unlikely to occur for the following 
reasons.Firstly,the o4 * CH bond would not be able to adopt 
a favourable Corey and Sneen conformation for approach by 
base.This is because the theorectical basis for this 
conformation depends on there being a favourable match between
212
the delocalised ot* CH cr bonding electron and the carbonyl 
TT-bond orbitals,a situation which is optimised by the
3
c/' carbon being fully sp hybridised,i.e.,where the 
hybridised orbitals occupy a tetrahedral arrangement.The 
fact that methylcyclopropylketone resides preferentially in 
an s-trans conformation also means that the alternative 
conformation proposed by Feather and Gold is equally 
unfavourable.
S - t r a n s  conform ation.
Feather and Gold 
trans-coplanar arrangement,
The major barrier to exchange,however,is the increase
in angular tension that would develop within the alicyclic
ring when forming the enolate-carbanion intermediate,even
though there is a reduction in the torsional interactions.
Hence exchange would be expected ‘to be very unlikely,an
inference that is confirmed by the experimental observations.
The situation for methylcyclobutylketone and
methylcyclopentylketone is entirely different.In these two
3 2
compounds the passage of the oc * c from sp to.sp hybridisation 
in forming an enolate-like reaction intermediate,and
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similarly the carbanion which involves a change in 
coordination number,is far easier than for a three-membered 
ring.This is because the almost complete suppression of 
the torsional interactions compensates for the increase 
in angular tension.This can be illustrated by considering 
the case for methylcyclopentylketone.
In the planar form of cyclopentane there is very 
little angular tension since the internal angles (108^) are 
very close to those for a tetrahedral molecule, i . e., 1 09** 28 * . 
There is,however,substantial interaction between eclipsing 
adjacent methylene hydrogens and so the ring is,in fact, 
puckered so as to relieve this strain.Experimental 
support^^ for this has come from entropy measurements 
and electron diffraction studies^®.This puckering is not 
fixed,but "rotates" around the ring via an "up and down" 
motion of the methylene bridge,a phenomenon that is known 
as "pseudo-rotation".The presence of a substituent,however, 
locks the ring into one of two symmetrical conformations^^,68  ^
namely the "chair-form" and the "envelope-form".Evidence^^ 
suggests that methylcyclopentylketone resides preferentially 
in the envelope-form with the acetyl group at the "flap" 
so as to minimise the interactions between the acetyl group 
and the adjacent methylene groups.
rnrHa
H
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The ot * CH is sp hybridised where the angles ^2^3 
( 104° ) and C^C2C^ ( 104° ) are very close,despite the 
puckering of the ring,to the tetrahedral norm of 1D9**28*. 
Consequently the o6 ' CH bond can easily adopt the Corey 
and Sneen comformation for the approach of a hydroxyl ion 
and the abstraction of the oc* methine hydrogen.In addition 
there are no steric interactions between the incoming 
hydroxyl ion and the methylene ring hydrogens due to the 
* CH bond being orientated axial to the alicyclic ring. 
The subsequent increase in angular tension within the ring, 
in forming an enolate-like reaction intermediate (which 
involves a change in the hybridisation of the o( * carbon) 
is more easily accommodated due to the greater size and 
flexibility of the ring,and is compensated by an almost 
complete suppression in torsional interactions.Hence 
base-catalysed isotopic exchange would be expected to occur 
at this position,a conclusion which has been verified by 
the experimental results of this study.
The fact that the ot* methine hydrogen in 
methylcyclobutylketone undergoes exchange faster than the 
oi* methine hydrogen in methylcyclopentylketone,even though 
the cyclobutane ring is more strained and so experiences 
a greater increase in angular tension in forming an 
enolate-like intermediate,suggests that it is the reduction 
in the torsional interactions that is important in deciding 
the reactivity.The reduction in the torsional energy in 
proceeding from the ground-state to the transition-state
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is greater for the cydobutane ring than for the cyclopentane
ring.This in turn suggests that the reaction intermediate is
more carbanion-like than enolate-like.Hou does this compare
with the conclusions made in other studies into the effect
of ring-size on énolisation reactions?
Ring-size effects have been examined in the past
chiefly to determine the transition-state geometry of
70énolisation and have been studied by Shechter for the 
base-catalysed deuteration (Et^N in DMF/H^O) of cycloalkanones
y 1 ■"and by Schriesheim for their base-catalysed (~0H) 
bromination.lt was observed that the reactivity order (e.g., 
cyclobutanone 16,cyclopentanone 10,cyclohexanone 1, 
cycloheptanone 1.7;relative rates in DMF/H^O) did not depend 
significantly on the difference in strain resulting from
3
the change in hybridisation of the ck-carbon from sp to
sp^ (I-strain or angular tension).This conclusion was reached
as a consequence of the relationship observed between the
rate-coefficients of base-catalysed bromination of
cycloalkanones and those of base-catalysed exo-endo
isomérisation for exocyclic olefins ; the rate coefficients
of the latter do not depend significantly on angle strain
factors.It was also concluded,since olefin isomérisation
72 73rates correlate with torsional strain effects * ,that the
differences in torsional strain energy between the transition- 
state and the ground-state is the most important factor.
Since Bronsted -exponents support extensive proton transfer 
in the transition-state,the absence of significant I-strain
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means that the transition-state resembles the carbanion,
and not the enolate,with preservation of the sp hybridisation
of the -carbon.
This situation is analagous to that occurring for 
nitroalkane ionisation^^ for which it has been proposed that 
the transition-state has a charge development on the 
cx-carbon without significant rehybridisation of the nitro- 
group.
A similar conclusion was reached for the ring-size
effect on the rates of base-catalysed deuteration (NEt^ in
DMF/D2O ) of a series of phenylcycloalkylketones for which 
70Shechter et al observed that the methine reactivities 
had the following relative values (relative to that for 
isobutyrophenone) ; 1 4 . 3 2 . 0  ,4.1 , and 0. 7 for n=2 to n=5
respectively.The result for phenylcyclopropylketone,however,
15 75was not confirmed by Rappe and Sachs ,Van Uijnen et al ,
and Amberson et al^^,who observed that OD catalysed H-D
exchange at the methine carbon was in fact slower than at
an isopropyl group.This is to be expected since for the
extremely highly strained cyclopropane ring the increase
in angular strain would outweigh any advantage given by a
decrease in torsional energy.
This discrepancy,however,does not detract from his 
conclusions,if applied to the remaining members of the series, 
in that the application of the concepts involved in the 
stability of exo and endo double bonds in cyclic systems 
and the factors involved in the ability of a carbocyclic
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ring carbon to undergo a coordination change of four to three, 
did not correlate with his obsevations• Hence the oc'carbon
3
atom was sp hybridised in the transition-state which suggests 
that this resembles the carbanion more than the enolate.
The contradictory ordering of reactivities observed 
1 5by Rappe and Sachs for base-catalysed deuterium-hydrogen 
exchange at the oc* methine site of a series of methylcyclo­
alkylketones has already been shown by the results of this 
study to be inaccurate and open to doubt.
Hence the results of this present study appear to be 
in accord with the conclusions of earlier studies in that 
it is the difference in torsional energy between the 
transition-state and the ground-state which determines the 
order of reactivity for the base-catalysed isotopic exchange 
of the cx* methine hydrogen in cyclobuty1- and cyclopenty1- 
methylketone and that this suggests a carbanion-like 
transition-state.
The results for methylcyclohexylketone,however,would 
appear to contradict these conclusions in that it is not 
observed to undergo base-catalysed hydrogen-tritium exchange 
at the (X * methine site even under the very potent conditions 
of a tritiation.Evidently some other other factor has to be 
considered,
The cyclohexane ring in methylcyclohexylketone resides 
in the "chair” conformation^^ where the acetyl group is 
expected to reside in the thermodynamically stable equatorial 
orientation to the cyclohexane ring.The cyclohexane ring in
218
this conformation is therefore virtually free of angular 
tension and torsional strain,i.e..
ÇOÇH
The results for methylcyclobutylketone and 
methylcyclopentylketone suggested that for base-catalysed 
hydrogen-tritium exchange the controlling factors are steric 
in nature and not stereoelectronic.The oc ’ methine hydrogen 
and the C=0 bond can readily adopt the preferred Corey and 
Sneen conformation for the approach by base,and the removal 
of the hydrogen,due to rotation about the cx'c— CQC/^  bond.
The reactivity of the o< ’ methine hydrogen therefore depends 
on the difference in torsional energy between the ground- 
state and transition-state of the alicyclic ring.
It would therefore be expected that 
methylcyclohexylketone should undergo base-catalysed isotopic 
exchange at this site albeit at a slower rate than for 
methylcyclopentylketone since the difference in torsional 
energy of the alicyclic ring between the ground-state and 
the transition-state is less due to the less highly-strained
70
nature of the cyclohexane ring.This is supported by Shechters 
result for the base-catalysed deuteration of phenylcyclohexyl- 
ketone which deuterates at the oc* methine carbon at one-
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sixth the rate of deuteriation for phenylcyclopentylketone
1 5at the same site.Similarly Rappe and Sachs observed that 
methylcyclohexylketone did deuterate at this site,although 
their observation that the rate of deuteriation at this 
site is three times greater than that for methylcyclopentyl­
ketone is open to doubt (see earlier).Uhy is it then that 
in this study no isotopic exchange was observed?The answer 
to this puzzle may perhaps be found in considering the
orientation of the acetyl group to the cyclohexane ring.
77It was Zimmerman and his co-workers who observed,
that in the case of an exocyclic ketonic group,énolisation
occurs more readily for an equatorial oc* ring hydrogen,
and that the subsequent protonation or halogénation of the
enol (or enolate) occurs on this side of the ring.An
illustration of this is the bromination of cis-2-phenyl-
781-acetylcyclohexane.
PhMgBr
OMgBr
H +
NaOEt
COCH,
tra n s -1 - acety! -2 - phenyloyelohexane.
Br.
COCHBr
Figure 2.4.1
CIS r 2 -  p heny l-1 -acety lcyc lo hexane .
Br.
COCH,
Br
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Cis-2-phenyl-1-acetylcyclohexane is readily prepared, 
see figure 32 ,by the 1,4-addition of phenylmagnesiurnbromide 
to acetylcyclohexene to give the enolate which then ketonises 
to give the cis-isomer on treatment with acid,The product 
is evidently the result of kinetic control,since 
thermodynamically,the trans-isomer is the more stable with 
the substituents equatorial to the ring.Zimmerman observed 
that the equatorial * methine hydrogen is readily enolised 
and upon bromination (acid-catalysed) yields 1-bromo-1- 
acetyl-2-phenylcyclohexane,In contrast the axial tx* methine 
hydrogen in the trans-isomer.is not readily enolised and 
bromination proceeds at the primary position to give
1-bromoacetyl-2-phenylcyclohexane•
Hence it would appear that the reason why the 
methylcyclohexylketone employed in this study does not undergo 
isotopic exchange is the fact that the acetyl group is 
equatorial to the cyclohexane ring• Presumably base-catalysed 
isotopic exchange does not occur because of steric 
interference between the incoming hydroxyl ion and the axial 
and Cg ring hydrogens.
In the case of cis-1-acety1-2-phenylcyclohexane,however 
there may be a more important reason for why it undergoes 
bromination. in that the intermediate is stabilised by 
conjugation through the cyclohexane ring between the phenyl 
and acetyl group.In the cis-isomer this is facilitated by 
the three bonds,phenyl-cyclohexyl,cyclohexane ,and
cyclohexyl-acetyl,being co-planar,a feature which is not
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apparent in the trans-isomer.
This is consistent with the explanation given by 
79Osamu et al for why the oc* methine hydrogen in
cis-1-acetyl-2-phenylcyclopropane is more acidic than the
trans-isomer,where this was supported by CNDO/2 calculations.
So,finally,the conclusions arrived at in this 
discussion in respect to explaining the base-catalysed 
hydrogen-tritium exchange of a series of methylcycloalkyl­
ketones can be summarised as follows.
1. In respect to base-catalysed isotopic exchange of the 
methyl hydrogens the size of the alicyclic ring has no major 
effect on the rates of exchange (i.e.,detritiation).Ring-size 
however does nonetheless exert a slight destabilising inductive 
effect,which increases with increasing ring-size,on the 
relative rates of isotopic exchange.
2. In respect to base-catalysed isotopic exchange of the
csC* methine hydrogen the controlling factors are predominantly 
steric,in which the alicyclic ring plays a major,intimate, 
role,and not stereoelectronic.Hence each member of the series 
has to be examined separately since their individual steric 
characteristics change as the size of the alicyclic ring 
increases.Thus :
(a)Methylcyclopropylketone:
For this member of the
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series the (X * C-H bond is best thought of as being sp 
hybridised it is therefore incapable of assuming a favourable 
conformation (i.e.,Corey and Sneen conformation) for the 
approach of base and the removal of the methine hydrogen.
In addition even if the oc » methine hydrogen is removed the 
highly-strained cyclopropane ring would experience such 
a rise in angular tension that the removal of the «x* methine 
hydrogen becomes energetically undesirable,even though 
torsional interactions are reduced,in the formation of the 
reaction intermediate.
Base-catalysed hydrogen-tritium exchange does not, 
therefore,occur at this site for this compound.
(b) Methylcyclobutylketone and Methylcyclopentylketone.
3
In both these compounds the sp hybridised «xt c-H 
bond and the carbonyl C=0 bond are able to assume a favourable 
"Corey and Sneen" conformation for the removal of the methine 
hydrogen,due to rotation about the » C-COCH^ bond and 
the puckering of the alicyclic rings.This puckering also 
allows the rings to accomadate the increase in angular tension 
that would occur in forming an enolate-like reaction 
intermediate in the transition-state,which is countered by 
a reduction in torsional interactions between the ring 
methylene hydrogens and the ' methine hydrogen.
The fact that methylcyclobutylketone is more reactive 
than methylcyclopentylketone,even though the ring is 
relatively more rigid and so the increase .
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in angular tension would be greater on forming an enolate-like 
reaction intermediate,suggests that it is the reduction in 
the torsional interactions,on proceeding from the ground-state 
to the transition-state,that is important in deciding the 
reactivity,Since this is greater for the four-membered ring 
than for the five-membered ring then it is more desirable 
energetically for the ^  ^ methine hydrogen to undergo exchange 
in methylcyclobutylketone.This in turn suggests that the 
reaction intermediate is more carbanion-like than enolate-like. 
This is supported by previous studies into analogous compounds.
(c) Methylcyclohexylketone.
Although the cyclohexane ring appears,at first glance,
to be quite capable of allowing base-catalysed isotopic
exchange of the oc* methine hydrogen,exchange does not,in fact,
occur.This is speculated to be due to the orientation of the
acetyl group to the cyclohexane ring.The acetyl group would
be expected to reside in the stable,thermodynamically favoured,
equatorial position,hence abstraction of the axial ot' methine
hydrogen is prevented by steric interference between the
incoming hydroxyl ion and the and axial hydrogens.
Support for this has been provided by the observations of
7 8 79Zimmerman et al  ^ for the énolisation of similar compounds.
It is suggested that future work in this area should 
concentrate on the effect of the orientation of the acetyl 
group to the alicyclic ring has on the ability of the
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04* methine hydrogen to undergo isotopic exchange in 
methylcyclohexylketone and the higher homologues of the 
series,i.e.,exchange appears to be favoured by an equatorial 
orientation of the 04* C-H bond.
This could be done by;
(a) preparing methylcyclohexylketone,and higher 
homologues,with the acetyl group orientated 
equatorially and axially to the alicyclic ring, 
via thermodynamically and kinetically controlled 
synthetic schemes respectively,
and (b) the ability of the c<* methine hydrogen in each
isomer to undergo base-catalysed isotopic exchange
3
should then be assessed by performing H-NMR 
analysis and kinetic detritiation studies on the 
tritiated compounds.
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C h a p te r  T h r e e ;  "The I s o l a t i o n  and T r i t i a t i o n  o f
Chrysophanolanthrone from Commercial 
Chrysarobin".
3.1.1. Introduction; "Early Work".
Commercial chrysarobin is a yellou-orange powder
obtained by extraction with benzene of "Goa" or "Araroba"
powder which is collected from cavities within the
South American tree Andira araroba Aquiar.It has been
used for many years to treat parasitic skin diseases
1 2such as psoriasis and eczema * and is usually applied
directly to the skin as an ointment (1 - 5%).Its
application,however,is limited since it is an irritant
and can not be applied to those areas where the skin
is particularly sensitive such as the scalp and genitalia.
In addition large doses can cause renal irritation due
to percutaneous absorption.Ingestion can cause severe
renal damage and gastroenteritus.
The pharmaceutical properties of chrysarobin
provoked a great deal of interest in the early years of
this century,1878 - 1925,when extensive research was
performed in an effort to identify the constituents of
chrysarobin and hence the major pharmaceutically active
compounds.The research prior to 1900^'^*^'^*^ was
8reviewed in 1902 by Oowett and Potter when they themselves 
researched the composition of chrysarobin.This early
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work was characterised by a distinct lack of agreement 
between individual researchers.Attfield^claimed that 
chrysarobin consisted chiefly of chrysophanic acid 
(chrysophanol; see figure 3.1.1) whilst Hesse denied that 
it was present,which was in accordance with the results 
of Oowett and Potter who also did not isolate any.
Jowett and Potter declared that,in the light of 
previous research and their own,chrysarobin consisted 
mostly of chrysophanolanthranol (see figure 3.1.1) ,which 
was also known as "chrysarobin","dichrysarobin", 
"dichrysarobinmethylether",and a mysterious new compound 
known only by its elemental formula as CyH^^O^.The 
situation,however,was still far from being satisfactory.
The techniques used to examine chrysarobin differed
from researcher to researcher,and the actual percentage
quantities of each component in sucessive samples of
chrysarobin varied hugely.In an effort to reconcile all
these discrepancies,and thus establish a pharmaceutical
9 1 □ 11standard for the purity of the drug,Tutin and Clewer  ^ '
in 1912 decided to rigorously research,for the Wellcome 
Foundation,the composition of commercially available 
chrysarobin.They showed,despite their exacting research 
being hampered by the tendency of the constituents to 
crystallise together to yield products of apparent 
homogeneity and constancy of composition,that chrysarobin 
was a complex mixture of enthrone,dianthrone,and 
anthraquinone derivatives (see figure 3.1.1 ) •
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The "dichrysarobin" and "dichryarobinmethylether"
described by Oowett and Potter were found to be mixtures
of chrysophanolanthranol,emodin-anthranol,and emodin
respectively.They confirmed that commercial chrysarobin
was subject to considerable variation in the relative
proportions of its constituents,where some samples were
entirely devoid of compounds which were later found to
g
occur in other samples.They concluded ,therefore,that :
".....it is obviously fallacious to demand that it 
(Chrysarobin) should fulfill exact requirements 
regarding its solubility,etc,as is done by some 
national pharmocopeia,notably that of the United 
States."
They recommended the adoption of a standard
method for extracting chrysarobin from "Goa" powder as
the only way to ensure some uniformity in both its
chemical composition and pharmaceutical effectiveness.
The fact that another paper published later that same 
1 2year revealing the existence of yet another new 
constsituent,"chrysarobel",which later transpired to 
be present only in those batches of chrysarobin prepared 
between 1905 to 1906,only served to emphasise the validity 
of their statement.
This remained the situation for many years^^ " 1 6  
(1910 - 1925),but the instability of the reduced
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anthraquinone derivatives,however,and the absence of 
modern analytical techniques,meant that Tutin and Clewers 
research could not be effectively verified.Hence there 
was still no real general agreement as to the qualitative 
and quantitative composition of chrysarobin.This was 
illustrated by the later findings of Eder and Hauser 
in 1925 who reported that the compounds "dehydroemodin- 
anthranolmonomethylether" and "ararobinal" identified by 
Tutin and Clewer were probably the dianthrones of emodin 
anthrone monomethylether and chrysophanolanthrone 
respectively.
The composition of chrysarobin was not investigated
17again until the late sixties when Labadie applied a
two-dimensional thin-layer chromatographic technique to
the problem of isolating and identifying the constituents.
18 19This technique had been previously developed ' to
identify and separate naturally occuring reduced
hydroxyanthraquinones.He subsequently isolated and
successfully identified nine anthrone,dianthrone,and
anthraquinone derivatives in sucessive samples of commercial
chrysarobin.These are illustrated in figure 3.1.1.
Only the compound chrysophanolphysciondianthrone
had not been reported before where this may not be due to
the fact that it is present in relatively small amounts
,but more to the lack of suitable techniques when the
original early research was performed.
The rapid oxidation of the anthrone constituents to
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their anthraquinone derivatives was prevented by performing 
the entire separation procedure in the absence of daylight 
,or laboratory illumination,and under a nitrogen 
atmosphere,There now existed,therefore,the means to 
consistently isolate and identify (by UV spectroscopic 
analysis etc),with no ambiguity as to the homogeniety of 
of the isolated material,the constituents of chrysarobin.
With the advent of a reliable method for isolating 
the constituents of chrysarobin interest was revived in 
identifying the constituent which is responsible for 
the pharmaceutical properties of chrysarobin.It had been 
speculated for many years that chrysarobin owes its 
pharmaceutical properties to the constituent 
chrysophanolanthrone and so work has begun in America 
to research its physiological and carcinogenic properties. 
As a result a request was made by these researchers 
(Dr Giovanni et al of the University of Texas),via the 
Imperial Cancer Research Fund,for a sample of 
chrysophanolanthrone labelled generally with tritium for 
their research.
This chapter,therefore concerns the work that was 
involved in meeting this request to prepare a sample of 
tritiated chrysophanolanthrone.The following pages 
therefore describe the isolation of chrysophanolanthrone 
from a supplied sample of commercial chrysarobin,using 
a modified version of Labadies chromatographic technique, 
its tritiation by general platinum-catalysed isotopic
238
exchange,and the subsequent analysis of the labelled
3
product by H - NMR spectroscopy.
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3 , 2 . 1  • The I s o l a t i o n  o f  C h r y s o p h a n o l a n t h ro ne  f rom
Commercial Chysarobin.
Chrysophanolanthrone was isolated from commercial 
chrysarobin using a modified version of the 
two-dimensional thin-layer chromatographic technique 
developed by Labadie et al.To ensure that the procedure 
was successful certain precautions had to be taken to 
prevent chrysophanolanthrone,and the other enthrones 
present,from oxidising to give the anthraquinone 
chrysophanol.These precautions were :
(a) to ensure that daylight or laboratory
illumination was excluded whilst performing 
the TLC procedure,
and (b) that the entire procedure was performed 
in a nitrogen atmosphere.
Consequently the application of the crude 
chrysarobin to the thin-layer chromatographic plates 
was performed under a stream of nitrogen gas and the 
plates were developed in the dark in a "dry-box" charged 
with nitrogen.As an extra precaution the elution of the 
separated bands was performed with peroxide-free dry 
ether which was then removed using a rotary evaporator 
maintained at a temperature between 0-35^C.The experimental
240
procedure is therefore as follows.
3.2.1a. The Preparation ofhthe Preparative Thin-Layer 
Chromatographic Plates.
The chromatographic procedure of Labadie requires 
two types of preparative TLC plates :
(a) TLC plates composed solely of Kieselgel-G,
and (b) TLC plates composed of a mixture of Kieselguhr-G 
and Kieselgel-G in the ratio of 6:1 by weight.
These were prepared by applying a slurry of the 
respective stationary phase to glass-plates (100 x 200mm) 
to a thickness of 1mm.The plates were then dried in an 
oven maintained at IIO^C for approximately twenty hours 
(i.e., overnight) and then allowed to cool slowly to 
room-temperature before being stored in a dessicator 
containing anhydrous silica-gel.
3.2.1b. Solvent Systems
The chromatographic procedure requires a different 
solvent system for each step of the separation,i.e .,
241
(a) ethylacetate,freshly distilled off CaH2»for 
the first crude separation,employing the 
Kieselgel-G TLC plates,of chrysarobin into 
two broad classes consisting of the enthrones 
and dianthrones respectively,
and (b) a mixture of petroleum ether (b.pt 40 - ôü'^C), 
ethylformate,and concentrated hydrochloric,36%, 
(85:15:0,5 ^/v) to effect the final separation 
of the individual components of each class on 
the Kieselguhr-G / Kieselgel-G TLC plates.
The solvents were purified and dried using standard 
20
laboratory procedures prior to their use.
3.2.1c. The Concentration of Commercial Chrysarobin Prior 
to the Separation and Identification of its 
Constituents.
A preliminary examination of the supplied sample 
of commercial chrysarobin (Sigma Chemical Co) revealed 
that the percentage content of the anthrone,dianthrone, 
and anthraquinone derivatives in the sample was quite 
low.The bulk of the material was composed of an 
unidentifiable organic material(s) which was only partially 
soluble in ethylacetate.
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It was decided to purify the commercial chrysarobin 
of this unwanted material so as to give a "concentrated" 
sample of the chrysarobin anthrone,dianthrone,and 
anthraquinone constituents,thus rendering the subsequent 
TLC separative procedure more efficient in terms of the 
time and effort spent in obtaining reasonable quantities 
of each constituent.
Hence the commercial chrysarobin was eluted through 
a tall column of silica-gel (900 x 50mm) with dry 
ethylacetate.This served to separate the unwanted organic 
material from the anthrone,dianthrone,and anthraquinone 
constituents of chrysarobin which were washed easily 
through the column whereas the impurities were strongly 
retained by the silica.The ethylacetate effluent was 
then evaporated down,using a rotary evaporator,to give 
a sample of "pure" chrysarobin.
3.2.1d. The Experimental Procedure for the Separation 
and Isolation of Chrysophanolanthrone from the 
other Constituents of Commercial Chrysarobin.
Samples (20 - 30mg) of the "pure" chrysarobin 
(see previous section) were dissolved in the minimum 
volume of ethylacetate and applied to 1mm thick 
preparative Kieselgel-G TLC plates (200 x 100mm) as a 
narrow band 15mm from the lower edge.This was performed
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in semi-darkness under a stream of nitrogen gas.The plates 
were then transferred to glass developing tanks,resident 
inside a "dry-box" charged with nitrogen,and developed 
in the dark with ethylacetate for a length of run of 
c.a 15cm.This served to separate the constituents into 
two fractions (see figure 3.2.1).Fraction A,the upper band, 
contains the enthrones and dianthrones derived from 
chrysophanol and physcion,and fraction B,the lower band, 
consists of the anthraquinones chrysophanol,emodin,physcion, 
and the anthrone,emodinanthrone.
Each band was then eluted off the stationary-phase 
with peroxide-free dry diethylether,and the combined 
ether extracts were concentrated down on a rotary 
evaporator to yield each fraction.
The fine-separation of the constituents of fraction 
A was performed by applying samples of this fraction, 
solved in ethylacetate,to the 1mm preparative Kieselgel-G 
/Kieselguhr-G TLC plates and developing these plates 
in solvent system (b),see section 3.2.1b,for a length of 
run of c.a. 15cm.The band positions of each component 
(see figure 3.2.1) were identified by briefly examining the wet 
TLC plates under UV light.
The identity of each fraction was inferred by 
comparing the observed Rf value with the recorded 
literature values for the Rf indices of the individual 
constituents of chrysarobin under these conditions.
The identity of the fraction would then be confirmed by
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a UV spectroscopic analysis (in methanol) of the reclaimed 
material (see table 3.3.1).Each fraction was eluted off 
the Kieselgel-G/Kieselguhr-G stationary phase with 
peroxide-free diethylether in the same way as before.
The above was then repeated to separate and 
isolate the constituents of fraction B.
In this way a small quantity of chrysophanolanthrone 
was isolated and identified by its characteristic DU 
spectrum (see figure 3.3.l) .The yield was small (c.a 2.0mg) 
since most of the chrysophanolanthrone that had been 
present when the chrysarobin was first extracted had 
oxidised to chrysophanol which was found to be the major 
constituent.
The quantity of isolated chrysophanolanthrone 
was combined with a further sample of pure 
chrysophanolanthrone,which had been sent from America 
whilst the above work was in progress,and then tritiated 
by platinum metal-catalysed isotopic exchange.The 
procedure for the tritiation of chrysophanolanthrone 
is described in the next section.
3.2.2. The Tritiation of Chrysophanolanthrone.
Previous work on the platinum metal-catalysed 
tritiation of 9,10-anthraquinone had revealed that 
because of its poor solubility in suitable solvents
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(e.g dioxan),only very low specific activities (mCi.mmol"^) 
could be achieved in solution.It was reasoned that 
chrysophanolanthrone would behave similarly and so it 
was decided to perform the tritiation in the "melt" with 
THO in the presence of a platinum-metal catalyst.The 
experimental details are as follows.
The sample of chrysophanolanthrone (9.2mg) , a 
quantity of finely divided platinum metal (freshly 
reduced PtOg)^and a small amount of THO (5^1;5GCi.ml), 
was sealed in a thick-walled glass vial which had been 
fully evacuated of any air.The vial was packed into an 
aluminium can with glass-wool and then heated in an 
electric furnace maintained at the melting-point of 
chrysophanolanthrone (m.pt 206-8°C) for approximately 
48.G hours.The furnace was allowed to cool to room - 
temperature before removing the aluminium can.
The glass vial was then opened under a nitrogen 
atmosphere and its contents extracted into ethylacetate 
(4 X 50ml).The combined extracts were then washed 
thoroughly with water,dried over anhydrous sodium sulphate, 
filtered,and evaporated down,using a rotary evaporator, 
to give the crude product.This was then freeze-dried.
The freeze-dried material was purified by preparative 
thin-layer chromatography,which,due to the unavailability 
of Kieselgel-G/Kieselguhr-G TLC plates,was performed using
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a 1mm thick silica-gel preparative TLC plate.The impure 
material was subsequently dissolved in ethylacetate, 
applied to the silica-gel TLC plate,and developed for 
a length of run of 15cm with ethylacetate (AR).
Two bands were observed at Rf values of 0.0 and
0.9 where only the upper,yellow,band fluoresced under 
UV light and was radioactive,where this was shown by a 
radio-TLC scan of a "spot" TLC of the impure material.
This band was therefore eluted with ethylacetate (2 x 20ml) 
and the combined extracts were evaporated down to give 
a yellow product which was then freeze-dried (8mg).
3
The total H-activity of the product was calculated 
to be 3.19mCi and the specific activity,calculated on 
the assumption that the product was pure chrysophanol­
anthrone is therefore 93mCi.mmol  ^ (mw = 240.0).The
3 1active material was then sent for H and H - NMR analysis.
It was decided not to investigate further the 
composition of the product since the individual masses 
and activities of any isolated components would be likely 
to be outside the operating limits of our NMR 
instrumentation (Bruker UH90 NMR Spectrometer adapted 
for 96.0MHz ^H-NMR spectral analysis).The yellow product 
was therefore dissolved, in deuterated chloroform 
(c.a. 40//1 ),together with a trace of TMS,sealed under 
vacuum in a 3mm internal diameter NMR sample tube,and 
sent for  ^H and ^H-NMR spectral analysis.
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3 . 3 . 1 .  R e s u l t s  and D i s c u s s i o n .
The tritiation of chrysophanolanthrone resulted
in a yellow product (B.Gmg) possessing a total radioactivity
of 3.19mCi and a specific activity of 93.OmCi.mmol”* ,
assuming that the product is pure chrysophanolanthrone
(mu = 240).The * H and H-IMMR spectra of this material,
however,revealed that the product was,in fact,a mixture
of chrysophanolanthrone and its oxidation product
chrysophanol.This was deduced from the relative intensities
and positions of the methyl groups whose chemical shifts
are 2.23ppm and 2.33ppm for chrysophanolanthrone and
1 3chrysophanol respectively.The H and H spectra are 
reproduced in figures 3.3.3&3.3,4 respectively .together with 
the chemical shift assignments,These assignments were 
made on the basis of accepted MP1R chemical shift correlation 
tables and by reference to the spectra of similar compounds, 
such as 1,8 - dihydroxyanthrone,recorded in the Stadtler 
Index of Standard NMR Spectra (see figure 3.3.5).
3
It can be clearly seen from the H-NMR spectrum that 
the labelling has occurred at the CIO position of 
chrysophanolanthrone and at the methyl groups of each 
compound.General labelling has also occurred in the 
benzylic rings.It can also be seen from the M-NMR spectrum 
that unfortunately the sample is contaminated with silicons 
grease.This contamination probably occurred during the 
final freeze-drying of the tritiated product since the
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ground glass joints of the freeze-drying apparatus are 
greased with this substance.
The signals at 3.28 and 3.67 ppm are unassigned and 
are possibly due to solvent contamination of the deuterated 
chloroform used to prepare the NMR sample and/or 
contamination of the reference solvent IMS.The response 
at 7.27ppm is attributed to a small amount of CHClg in 
the deuterated chloroform.
The next step,evidently,would be to separate the 
chrysophanolanthrone from the chrysophanol by thin-layer 
preparative chromatography.The experimental losses that 
would be incurred,however,with this method requires that 
the crude material should first be augmented with a quantity 
of inactive chrysophanolanthrone.This would act as a 
"carrier" for the active chrysophanolanthrone.Since there 
was no chrysophanolanthrone available it was decided to 
send the active mixture of chrysophanolanthrone and
chrysophanol to America with the recommendation that they
should augment the existing material with pure 
chrysophanolanthrone prior to purification.
In view of the problems encountered in the
preparation of [g - ^ H ] - chrysophanolanthrone in this
study it is felt that in future a more reasonable route
21
would be to catalytically reduce chrysophanol to the 
enthrone with a mixture of hydrogen and tritium gas.
Theorectically this would be expected to result
in the chtysophanolanthrone labelled specifically
256
a t  t h e  CIO p o s i t i o n .
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Appendix One. A Glossary of Medical Terms Employed in 
Chapter One.
1 ."Anticholinergic".
A drug is said to be anticholinergic if it blocks 
or interferes with the parasymphatic nerve impulses or 
prevents the secretion of acetylcholine which plays an 
important role in the transmission of nerve impulses at 
synapses and myroneural junctions.
2."Cardiotoxicity".
Any substance that exerts a poisonous effect upon
the normal action of the human heart is said to be
cardiotoxic,and the potentcy of this drug is referred to 
as its cardiotoxicity.
3.Cardiac-arrythemia.
Irregular heart action caused by physiological or 
pathological disturbances.
4.Tachycardia.
Abnormal rapidity of heart action usually defined 
as a heart rate of over 100 beats per minute.
5.Adrenergic neurone blocking drugs.
These are drugs that block or inhibit the transmission 
of sympathetic nerve stimuli which are provided by adrenaline
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and other comparable,naturally occuring,stimulants•These 
act at sites known as adrenergic receptors.There are three 
types of adrenergic receptors which are referred to as 
alpha,beta-1,and beta-2.Stimulation of alpha— receptors leads 
to the constriction of bronchi,blood vessels (resulting 
in a rise in blood pressure),and dilation of the eye pupils, 
whilst stimulation of the beta-1 receptors leads to a rise 
in heart-rate,and the stimulation of the beta-2 receptors 
leads to dilatation of the bronchi.
These are typical symptoms of stress related heart- 
disorders and the discovery of agents which block the 
action of these natural stimulants has been proved to be 
invaluable.
6.Ataxia.
This term is used to describe a sensory defect which 
results in the loss of fine physical coordination of body 
movement,thus an ataxic person may have a firm grip in each 
hand,but is incapable of performing any fine movements with 
the fingers.Similarly if the ataxia affects the legs then 
whilst walking the legs will be thrown about in all directions 
although the actual physical act of lifting and lowering the 
legs is unimpaired.
These sensory defects can occur as the result of 
degeneration of the spinal cord and sensory nerve trunks,or 
from lesions in the frontal lobe of the brain.Semi-permanent 
ataxia can also result from excessive consumption of alcohol
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o r  i n  e x t r e m e  cases o f  h y s t e r i a .
7. "Antihistamine".
Uhen a cell is injured it releases a substance which 
induces a pharmacological response from the various "repair 
mechanisms" which operate in the human body.This substance 
is called histamine.Antihistamine drugs are therefore 
substances which block the action of histamine by preventing 
its secretion.This is sometimes necessary when the secretion 
of histamine induces a detrimental allergic response.
8."Antiserotonin".
Serotonin is the trivial name for 5-hydroxytryptamine 
which is thought to be involved in the neural mechanisms 
important in sleep and sensory perception.Antiserotonin 
drugs are therefore substances which interfere with these 
mechanisms such as the temporary muscle paralysis that occurs 
during sleep so as to prevent the sleeper from "acting-out" 
particularly vivid dreams.
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Ap p en d i x  T w o : -  L i s t i n g  o f  t h e  Computer  O p t i m i s a t i o n
Programme KIN2.
0011 REM KIN2 MAY 82 OPD
0049 REM NO GRAPHIC ROUTINES REQUIRED
0050 REM BEGINNING OF PROGRAM
0099 PRINT
0100 PRINT 'PROGRAM KIN2==MAY 82==0PD'
0110 DIM X(3,3),Y(2),B$(3),A(3,80)
0150 PRINT 'TYPE 1 TO MINIMISE RELATIVE DEVIATIONS,'
0151 PRINT '2 TO MINIMISE ABSOLUTE DEVIATIONS:'
0155 INPUT KD
0200 PRINT 'TOTAL NO. OF POINTS:'
0210 INPUT M 
0215 LET K=1
0220 PRINT 'INITIAL COUNT:'
0230 INPUT Cl
0240 PRINT 'FINAL COUNT:'
0250 INPUT C9 
0255 LET C5=C1-C9
0257 PRINT 'ENTER X':
0258 INPUT X3
0260 PRINT'ENTER INITIAL K1 AND K2'
0270 FOR 1=1 TO 2 
0260 INPUT Y(I)
0290 NEXT I 
0295 PRINT
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0300 PRINT 'INITIAL DELTA;'
0305 INPUT D 
0307 LET E=D
0310 PRINT 'NO. OF ITERATIONS REQD.;'
0315 INPUT N1
0380 LET 10=1
0385 LET 3= -2
0390 IF K>1 THEN GO TO 0550
0470 PRINT
0480 PRINT 'OPTION (1 OR 2);'
0485 INPUT K
0490 ON K GO TO 0500,0525
0500 PRINT 'ENTER VALUES OF TIME AND COUNTS;'
0505 FOR 1=1 TO M
0510 INPUT A(1,I),A(2,I)
0515 NEXT I 
0520 GO TO 0550 
0525 GOSUB 2000 
0530 GOTO 0550 
0550 PRINT
0560 PRINT ' K1 K2 STD,DEV.'
0640 LET X(1,1)=Y(1)
0650 LET X(2,1)=Y(2)
0670 IF 3<0 THEN GO TO 1060 
0680 LET X(1,2)=Y(1)*(1+0.02*E)
0690 LET X(2,2)=Y(2)
0700 LET X(1,3)=Y(1)*(1+0.01*E)
264
0710 LET X ( 2 , 3 ) = Y ( 2 ) * ( 1 + 1 . 7 3 2 * E )
0770 FOR N=1 TO 3
0775 IF K0=2 THEN GO TO 0785
0780 GOSUB 5000
0782 GOTO 0790
0785 GOSUB 5100
0790 NEXT N
0800 LET T=5
0810 LET 3=0
0830 LET 3=3+1
0840 LET N=1
0850 FOR 1=2 TO 3
0860 IF X(3,I)<X(3,N) THEN GOTO 0880 
0870 LET N=I 
0880 NEXT I
0890 IF N=T THEN GOTO 0960 
0900 LET T=N
0910 LET X(1,N)=X(1,1)+X(1,2)+X(1,3)-2*X(1,N)
0920 LET X(2,N)=X(2,1)+X(2,2)+X(2,3)-2*X(2,N)
0935 IF K0=2 THEN GOTO 0945
0940 GOSUB 5000
0942 GOTO 0950
0945 GOSUB 5100
0950 IF 3<49.5 THEN GOTO 0830
0960 LET N=1
0970 FOR 1=2 TO 3
0980 IF X(3,I)>X(3,N) THEN GOTO 1000
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0990 LET N=1 
1000 NEXT I 
1020 LET E=E/2
1040 PRINT 'ITERATION NO . ' ; 10 : TAB(20); 3 :'CYCLES '
1050 GOTO 1080 
1060 LET N=1
1065 IF K0=2 THEN GOTO 1075
1070 GOSUB 5000
1072 GOTO 1080
1075 GOSUB 5100
1080 LET Q=SQR(X(3,N)/(M-1)
1090 PRINT X(1,N),X(2,N),Q 
1100 IF 3<0 THEN GOTO 0680 
1110 LET Y(1)=X(1.N)
1120 LET Y(2)=X(2,N)
1140 IF I0=N1 THEN GOTO 1270 
1150 LET 10=10+1 
1220 GOTO 0640 
1270 PRINT
1275 PRINT 'TYPE 1 IF LIST REQD.,OTHERWISE O':
1276 INPUT 3
1277 IF 3=0 THEN GOTO 1370
1278 PRINT
1280 PRINT'NO. TIME COUNTS(OBS) COUNTS(CALC)'
1282 IF K0=2 THEN GOTO 1285
1284 PRINT TAB(53):'^':
1285 PRINT TAB(53):
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1288 PRINT 'DEV*
1290 FOR 1=1 TO M
1295 IF ABS(l/20-INT(l/20))>0.01 THEN GOTO 1300
1296 PRINT 'PRESS RETURN TO CONTINUE*:
1297 INPUT B$
1300 LET C3=X3*(1-EXP(-Y(1)*A(1,1)))
1310 LET A(3,l)=C1-C5*(C3+(lrX3)*(l-EXP(-Y(2)*A(l,l))))
1315 IF K0=2 THEN GOTO 1325 
1320 LET D1=(A(3,I)-A(2,I))/A(2,I)
1322 GOTO 1340
1325 LET D1=A(3,I)-A(2,I)
1340 PRINT I:TAB(5):(1,I):TAB(21 ):A(2,I):TAB(37):A(3,I):TAB(53):
1345 IF K0=2 THEN GOTO 1355
1350 PRINT (0.1*INT(l000*D1+0.5))
1352 GOTO 1360
1355 PRINT (0.01*INT(l00*D1+0.5))
1360 NEXT I 
1370 PRINT
1390 PRINT 'STD.DEV. =':
1400 PRINT
1410 PRINT 'OPTION (1-5)':
1420 INPUT K
1430 ON K GOTO 0200,0260,0300,0310,1500 
1440 STOP
1500 PRINT 'TYPE NOS. OF POINTS TO BE REJECTED,IN ORDER'
1505 PRINT 'TYPE 0 TO TERMINATE,'
1510 PRINT ' N O . ' :
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1515 INPUT 31
1520 LET 32=0
1525 FOR 1=1 TO M
1530 IF I+32>M THEN GOTO 1575
1535 IF 1031-32 THEN GOTO 1560
1540 PRINT 'NO.':
1545 INPUT 31
1550 LET 32=32+1
1555 GOTO 1530
1560 LET A(1,I)=A(1,1+32)
1565 LET A(2,l)=A(2,I+32)
1570 NEXT I 
1575 LET M=I-1
1580 PRINT 'TOTAL NO. OF POINTS NOU':M 
1585 GOTO 0220
2000 DATA 0.2,0.4,0.5,0.6,0.8,1.0,1.2,1.42,1.6,1.8,2.0
2001 DATA 2.25,2.5,2.75,3.0,3.25,3.5,3.85,4.25,4.6,5.0
2002 DATA 5.4,5.8,6.6,7.1,7.5,8.1,8.7,9.25,10.4
2003 DATA 298576,281750,270518,254571,232600,222986
2004 DATA 207798,192309,178338,167651,151471,142542
2005 DATA 132532,120943,109588,101743,91700,82087,73745
2006 DATA 67824,60315,52169,44668,36576,30773,27636,24468
2007 DATA 20553,18270,14168 
2020 FOR N=1 TO 2
2030 FOR 1=1 TO M 
2040 READ A(N,I)
2050 NEXT I
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2060 NEXT N 
2065 RESTORE 
2070 RETURN 
5000 LET 8=0 
5010 LET X1 = X(1,N)
5020 LET X2=X(2,N)
5040 FOR 1=1 TO M
5045 LET A(3,l)=C1-C5*(X3*(l-EXP(-X1*A(l,l)))+(l-X3)*(l-Exp 
(-X2*A(1,I))))
5050 LET 8=B+((A(3,I)-A(2,I))/A(2,I))^2
5060 NEXT I
5070 LET X(3,N)=9
5095 RETURN
5100 LET 8=0
5110 LET X1=X(1,N)
5120 LET X2=X(2,N)
5140 FOR 1=1 TO M
5145 LET A(3,I)=C1-C5*(X3*(1-EXP(-X1*A(2,I)))+(1-X3)* 
(1-EXP(-X2*A(1,I))))
5150 LET B=e+(A(3,I)-A(2,l))^2 
5160 NEXT Î 
5170 LET X(3,N)=9 
5795 RETURN
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